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PKEFACE 



In preparing this work I have supplemented my own 
observations in the colliery districts of Staffordshire, 
Somersetshire, and South Wales, by making free use of 
the information contained in Mr. W. W. Smyth's excellent 
Coal and Coal Mining^ Mr. Greenwood's Mine Engineer- 
ing, and Professor Hull's Coal-fields of Great Britain and 
Ireland, To these authors, and to various writers in the 
" Proceedings of the South Wales Institute of Engineers," 
those of the "Institution of Mechanical Engineers," and 
some others, as well as to sundry friends, for information 
privately supplied, I hereby acknowledge my indebtedness, 
and offer to them the thanks to which they are fully 
entitled. 

The unusually large number of illustrations will render 
the book useful to the youngest students of mining, 
for whom the book is primarily intended. Should 
more advanced students notice any errors or omissions, 
important or unimportant, I shall })e glad to be apprised 
of them. 

J. H. G* 

Tkuro, Konmber, 1875» 
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CHAPTER L 



INTBODUCTIOtl. 



1. Coal Mining, tlie youngest aud at tlie same time 
tlie moBt important bmncli of the mining art, at least 
so far as the United Kingdom is coacemed, differs from 
metal mining, and especially from vein-mining, in many 
important particulars; and it is the object of this treatise 
to aid the young coal miner in his daily laboura, by putting 
before him the reaulta of esperience in many different 
localities. 

3. Annual Production. — The impoi-tance of this bi-anch 
of mining is well shown in Mr. Hunt's official returns of 
coal and oi* prOLluction in the United Kingdom, from 
which it appears that in 1873 no fewer then 1 27 milliona 
of tons of coal were raised, of an estimated Value of 
^47,631,280, or an average of nearly 7b. 6d. per ton at 
the pit's mouth. During the same iiei-iod the metaUio 
ores produced amounted to less than 17 milliona of tons, 
of an estimated average value aa sold of £10,288,413, or 
about 123. lOd. per ton. 

3. Comparative Bulk. — This difference in the value 
of the minerals appears more striking if we compare the 
I'elative huOc of the materials for equal weights or values. 
Taking the coal to weigh about one ton for each cubic 
yard,~which is pretty near the tnitk,''iiic.at«ii'^&, «&-«&. 
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(iverage, to at least twice as Jioavy ; in other worda, 
while ft cuhic yard of coal is worth only 7a. 6d., a cubic 
yard of ore will be worth 25g. 8d. This fact alone neoes- 
Bttates a difiereat mode of dealing with the material raised; 
in larger and straighter shafts, more perfect arrangementa 
for underground tnmBit and for hauling to BUTfaoe j also 
ia the leaving behind of a larger proportion of valu- 
able material to support the roof inst^ of timber or 
other artificial support. Add to this, that the dimensions 
of the workable masses must he much greater than in 
metal mining, in order to yield a fair profit upon the 
capital invested; that there are special kinds of danger 
from sudden evolutions, or ancient accumulations of gaB 
or water, and from falls of roof, to be guarded against; * 
peculiar arrangementa in aid of ventilation to be con- 
tidved, and extraordinary difEcuIties ia sinking shafts in 
Bti-atified rooks of varied testure to be overcome, and it 
will be quite evident that this branch of mining must be 
studied Ixom its own proper standpoint. 

4. Number of Collieries. — The magnitude of thia 
industry is indicated by the fact that, in 1873, no fewer 
than 3550 coUieriea were reported as actually at work 
in the United Kingdom, according to tha following 
table oompUed froraHunt'aJfi7nwaJiS'(o(is<tcs for 1873: 
KortlnunbETland and North Durham, - - 184 

Oumborland, - 37 

WeBtrooreland, 2 

South Durham, Ifil 

Yorkshire, BOl 

DBrbyshira, -.---.. 156 
Nottinghamahirc, . - - . . 34 

"WftrwioksMrH, ...... 24 

Leicestershire, ...... ig 

North Stafforfshiro, - - - - . 123 

South Staffordshire and Worcestershire, - 407 
North aud East Lancashire, • - - 32j* 

West Lancashire, ..... ISO 

Cheshire, 31' 

Shropflhiro, -----.. CO' 
GlonceaterahirD, 92' ^^H 

Saaersetsliirc, . . . - ^ • %/k ^^H 
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MonliionthBhirD, - _. 

East Glamorganshire, - 

West and Central Glamorg, 

Brecknoctahire, - 

Pembrokealiirc, 

CannartUeuBhire, 

Flintshire, - 

BenhigliBhiro, 

Angleaey, - 

Scotland, West KviBion, 
„ East Division, 

IreLand, UlBter ooal-field, 
,, Comiauj;ht cool-fiehl, 
,, Ijeinster coal-fleld, ' 
„ Muuster cool-SelU, ■ 



0£ tlioao not working (Iri 
Actually working. 



iL), 




CHAPTER ir. 

GENERAL DESCBIPTION OF OOAL STRATA. 

6. Mode of Occurrence. — Beds of coal occuv inter- 
ratified with beds of eandstoae, limestone, and other 
ockfl, and some portions are occasionally met with in an 




most vertic^ poaiUon, as in fig. 1, higlily inclined. %a. 
" . 2,east, or horizontaVaava ?!.?,. 1.,-N«iS« "«we.V^^ 
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acooant of the pecHli«r clinracterifitics of the coal-beaiing 
Bti-ata in the United KingJom and in foreign coiiatriea 
tlie student must refer to works on geology, but the situ- 
ation of known detiosits of coal or other comLustibls 




Fig. 2. 

material is indicated in the following taMo of the chief 
"foi-mations," divisions, or groups of stratified roclcs 
which ia taken from the volume on Metal Mininij, 






Chiaf 



1. Port TertUry. — Peat bogs of tho United Kingdom. Stream 

tin of ComwHlI in river gravels. Copper 
deposits of Lake Jliiiperior, Alluvial gold 
of Australia and California, 

2, FUOMSe. BurtnibraJid Ll^nlta of Iceland. Larga 

depoaits of bonoa and excrement of jishea 
(known as coprulitea], obtained by a rude 
apecioD of mining from Snfiblk and Essex, 
and used for making artificial loaauras. 
Some of the "deep leads" of the Aus- 
tralian gold-fields. 



STRATIFIED ROCK 3. 

Some of tlie llKnltes at brom ooalfl of Ire- 
land ore of this age. Llenlto heda of 
Bovey Tracey in Devon, Antrim, Mull, 
Auetrian Alps, Germany, and Van- 
couver's Island. 

4. BwBne. ...LtgnlteB of Tyrol, Veuetian Alps, and 

HouthernStyria. Gypsum of Mootmartra. 

6. Crstaceoua. , Lignite of Gosau, in the Austrian Alps; 

and of Santft Pe do Bogota, in S. America, 
Coal of Moravia, Iron ore beds of Subhei, ] 
Copper ores of Algiers and Chili 

C OoUtlo & Llaaalo.— Coal of Kimmendge, Brora, Funflrir- 
chen, and Staierdorf, in S. Hungary; 
Pennsylvania. Brown Coal of N. Ger- 
many. Copper daposits of the Banat, 
in Austria, and of Department 1' Avey- 
ron, in France. Iron ores of Cleveland 
and Eoaedale, in Yorkahire. 

7. Triaaeto. "Letterfeoble " of South Germany. Coal 

of Virginia, U.S., and of New Sc 
Wales (part). Copper of Chessy, 
France. Lake Saperior, Connecticut^ 
Kew Jersey, and Penuaylvania. 

.. Fenntau. "BranscUefer" of Germany and Bohemia^ 

Coal of India and of New South Wall 
(lia.i't). Copper deposits of the 
of tbe Ural Mountains. Mansfield, ii 
Prussia; Hesse, Thurlngia. Hock salt 
of Worcestershire and Cheshire. 

9. Carboniferous Coal meaEures of Gt. Britain and Ireland, 

France, Belgium, Prussia, Bohemia, Mor- 
avia, Spain, United Statas, and Nuva 
Bcotia. Autlira>3tte of South Walos, 
Ireland, and Pennsylvania. Coal of 
New South WttliM (part). Load miues 
of Derbyshire and Cumberland. Clay 
ironstone of the coal meaaareH. 

10. revonian -.Coal of New South Wales (part). Tin, 

copper, iron, and lead lodes of Cornwall 
and Devon. Copper lodes of Weiford. 
..,..! Antliraolte of County Cavan, IreUnd; of 
Isle of Man uid Norway. Onphlte of 
Cumberland. Copper o: the east Hank 
of the Urals. Lead of Isle of Man. 

,l2. Cambrian 

13. Laurentian GrapWte l«.da of North AKiflt^sa. Craij^fot] 



th 

m 
M 
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6. Carboniferona System of Britain.— In Britain it 

is rare to meet with beds (seams) of coal of commercial 
inlne except in the catbuniferous series of rocks. Our 
chief attention must therefore be here confined to these 
I'ockB. The carhoniferous system, in general, consists of 
the following membera, viz.— J 

1. The Cokl Meaflores. — Strata of aholc, Bandstane, aad grit, 

from COO to 12,000 ft. thick, with occ:isional seams of coal. 

2. The UUlEtoua Grit— A coEirse sandstona, eometimes used 

fbr millataneB, passing into conslomerate — beds of sliale, 
and cool, in the Korth of Euglaud ajid Scotland— .devoid of 
'coal ia South of England and South Wolos, often GOO ft. 
thick. 

3. CarSonlferouB or Mountain Uraeatoue. — Thick llmestono 

beds fuU of CDrala, encriiiiteB, anil other fosGils, with beds 

of shale near the top and bottom, generally devoid of 

coal, except m Scotland; 200 to 1500 ft. thick, ._,.-- 

7.7088113. — Each of these sub-divisions are characteiTsed 

by their own proper fossil remains, which are usually very 

Abundant in the coal shales and limestone, but lure in 

the giit. Figs. 3, 4, 5, 6, 7, 8, 9, are characteristic foasil3 





in the carboniferous IimeatoQe, figa. 
10 to 17 are ohaiactenstic of the 
coal measures, 

Figs. 3 and i ere corals; fig. 5 the 
fossil known as Spir^era striatws; 
fig. 6, Prodv/ClMS giganteua; and 

I 'fig. 7, Euomphalua pmtangulatita. 

II 9 tivc- jiortions of Enmnites, ot "Beac 



liUea," which iio sometimes very abundant in the carbon- 
iff rouB limestone 




Pig 10 ng 11 Fig 12. 

Tigs. 10 and 11 ai'e fosEil feraa kaowaos tetytiiUvw-* 



Ifl rniNciFLEa of coal misino. 

and Kewropterii, wliicli are found abundantly in the blad: 
nbalu* adjoining the coal scams. 

Fig. 12 is the atom of a I'eed-like plant known sa 
Calamites; Bg. 13 in the flattened stem of a large trae 
tallud by gcolijgiHta Sigillai-Ui; and fig, 14 is a porti(Hi 




Fig. 18.— CaoHK sKtmoN o» tub Bjubtoi. Coai-iteld. l'=lMile, 
A, Olil Hod Raniliitoiioj B, CarlHuiiferouiLimeBtone; C, Millatoaa 

Griti IJ, It, Coftl MoMiirtB. with bt-ds of Coal, 1. Triaa; 

B, 3, 4, Uaa ; D, Luwur Uulitu. 




BHlTISn COAt-?IE!,Da. 
ft 

tto i-oot of the same plant, -wljicli ia 5 ; 
frequeiitlyfoimdinthe"uiid(!rclay." ,; 
It ia called ^ligmaria fieoiiles, and I 
is one of tlie Ijesfc possible iudica 
tion of coal. 

Fig. 15is asmallhi-anoliofaldnd 
of club-moHs known as L'-pidodetb- 
droii;Sg. 16 is a portion of the bark 
of a larger branch; and fig. 17 is ita 
fiTiit, called Lepidoslrohna. 

8. Coal BaainB. — Coal-beaiing 
strata Tpryfi'equeutly lie iu"bi8ins," 
or troughs, as shown in fig 18, which 
is a section aciosa the Bnstol coal- 
field, on a scale of ai)out one inch 
to one mile hoiizontal, and a somc- 
■«-hat greatei veitical scale In 
tins section tlie manner m winch 
the coal meiaiues aio contoi-ted 
by the rocks beneath and capped 
nnconforniably tj the rocks above 

»1B well shown Tig 19 la a cioaa- 
■ection of the fctafloidshiie ■coal 
field, which is a district of great 
"geological mteiest The seieral 
coal basins of England and S. 
Scotland are indicated by dark 
Bhsding in the outline map at the 
beginning of this book In several 
instances coal is known to e\ist 
beyond the limits indicated, but 
under so great a tliickness of newer 
strata as to be practically out of 
reach, at least for the present. 

9. British Coal-flelde.— In tho 
following table some interesting 

^^.particulars relating to these coal- 
^K iielda are given. 
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10. Estimated Qaa&tity of Coal in United SingdosL 
—Mr. Hull estimates that in Great Britain no lean than 
i431 square miles are stored with coal, without reckoning 
my existing at a gi'cater depth than 4000 ft., and that 
iere still remaineJ, in 1861, more than eoventy-nino 
housand millions of tons of workahlu coal. 

IL Beenrrence of Coal Beds.— Beds of coal vary mucli 
a thickness, from less than one inch to more than thirty 
eet. In general it is only seams of two feet or upwai-da 
vrliich can be profitably worked, but occasionally two thin 
Beams occur so situated that the roof of the upper one 
may foi-m tho "roof," and the 0oor of tlie lower the 
'thill" of the mine, when they may be worked to 
advantage. A gi-eat Buccession of coal beds is sometimes 
met with, as in the South Wales <«al-fi«ld, where more 
han 100 distinct seams are known, intorstratified witU 

universally the caBe, resting upon its own proper bed of 

ire-c!ay or "underclay." ^^m 



20 PBIIJCIPLES OP COAL MISIKO. 

ancient muddy soil upon which the vegetable matter now 
coaverl«i\ into coai grew, and it ia often full of etignua^a, 
foiTuerly suppoacd to be distinct plants, but now knova 
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to l)Q the roots of the sigillaria. Many of the heds of 
iandstone met with are " wppte-marked," by which it ia 
known that they ■were sauda deposited in ehallow water. 
The section, fig. 20, shows the strata met with in sinlcing i 
Norwood New Pit, in the Newcastle coal-field. Tlia | 
Beaumont seam, which there consists of two seams sepa- 
rntod by a band of grey shale, wns met with at a depth 
of 252 feet from the sni-face. The pit has since been 
Blink down to the Brockwell seam, which was struck nt i 
nearly twice that depth. . ... 

13. VariationB of Composition in Coal Seams.— 
Lave already stated that the Beaumont seam at the i 
Norwood New Pit consista of two distinct bands of coal 
Bepai-ated by a band of gi-ey shale. At Wallsend Colliery J 
it is made up as follows: — 

CoiO, - - - - 2' ir 

Greyatone, - - - 4 

Coal, - - - - 7 

GreyBtone, - - - 1 3 

Coal, - . - - 1 5 

Total G' e" 
Another example of variahle composition may be i 
referred to in the Fivc-qnai'tor Soam at Pontop Colliery, 
wliiuh consists of 

Cool, .... 0' J" 



Jet, 
Cosl, - 
Splint, 
C^al, - 



3 2 



Tot.-il, ti' 2" 
WA. still more complex seam ia worked near Bei'wick HilL 
fit ia niiade up as follows : — 

"Dant" mixed with coal, 



Top Con,!, 

Danty block-stone, ■ 

Middle Co&l, . 

Black Dant, 

Coarse I^rd Stone, - 

Coal. 



10 
4 
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Sometimes the same seam yields coal wMcb ta«Y ba 
ad Villi tftgeouslf separated before selling. The famoua 
"Tophard" seam at Handsworth is thus composed ; — 
Roof Coil, - 
Bitt or black ahale, 
Brassy pieoe {pyritou 
Kough bright, 
Beet bright, - 



Top hard, 
Bead bed, 
Bottom hard. 
Rough bright. 
Soft bright, - 
Dirt parting, 
Holing coal j 



S V Good for steelm 



4 A very dasty soft a 



Total, '55 

14. Varieties of Coal — The following distinct variettM I 
ill's likely to be met with in diiTerent or the i 
districts. 
Aatliraelta— Hard and strong, with a gliining fracture; does 

not soil the lingera; burns without flame. 
Eteam or Smokeless Coal— Less hard than anthracite, but mncb 

resembling it; bums with more or less flame. 
Prae-bnraliig 0oal — Still softer; bama with much flomo, but 

does not cake together. ■ — 

Oaklng Coal — Burns with much flame; gives off much sm eke and 

cakoa togathor; valuable for coke-making and gas-making, 
Oaaael of Caudle Coal — Breaks with a smooth conchoidal 

iracturo, and bums with a very bright flame; fresh frac- 

'tures very dull; scarcely soils the fingers. The parrot coat 

of Scotland and the TaltkTS of Yorkshire are very similar, 

but they crackle much whoa heated. Very rich in gai. 
L^lta or Bioira Coal has a more woody appearance than tr 

coal and is geuerally much lighter. Varicti 

coal, tlaty coal, paper coal, netdlc coal, etc. 

EeaidoB the above varieties of what are usually called 
eoal-layera or bands of the following snbstaaoes occasion- 
ally occur either alone or with beds of coal. 

Bass or Batt — A black carbonaceous shale much like cannel 

but more earthy. 
Jet— A substance very like cannel, but of a moro gloHf 

appearauce, 
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' terbBBlte — A clark-hrown, tongb, compact mass, cotitaiain^r a 
large quantity of carboiiaceona matter yielding occaaiuiinitj' 
OS much rs 16,000 cubic feet of goa per too, 
Biraii— A blnet earthy or sooty Hubstanao, whicli occurg near 
basalt or wMd dykes, and elsowiicro. 

15. Varieties of Books. — Some or all of the following 
I different kinds of material will be met witli in sinking 
I through the coal measures and their overlying i-ockii 

Band — Looss or compact. 

Gravel — Of vmouis degrees of ftneness. 

Eilt, or burdened mud; usually greyisb or blnisb. 

Clay — Of varions colonra and degrees o£ hardness. 

ChalB, Metal, oi Bind— Much resembliiig hardDned clay, bnt of 

a fissile or slaty cbaracter. 
BanCUtone or Post— When compact and not too hard this ia 

cnUed freestone in Scotland and the North of Englaad. 
Oolltli Llmeatano — This lathe freestone of the south mid cei' 

of England. 
ConiBMt LlmBBtone— Of Taviona degrees of liaidncas, 
MagneslaD Umestaue. 
Gyii3imi, Alabaster, or Snlphate ot Ltme. 
Fire-cl^y or Canister— A highlj' biliceoua hardened clay, ^ 

suited for making fire-bricks, j 
Oheit— A bard rock of a flinty nature. 
Mori or Uarlatone. 
FlrestDQe — A Roft kind of sandatone which resists the ai 

of intense heat; used for lining furnaces, etc. 
Cloy Ironstone — Occurring cither ia bods ot layers of nodnli 
Brown Hematite. 
Basalt, Whin, Loa4stase, or Oreea Bocka— A hard and nsnallv 

ilatt- coloured rock occurring in dykes or in sheets pnrallDl 

to the beds of Tock, Tbe terra is oftea applied to hard 

rocks nbicb arc not of the nature of basalt, 

16. VsriatioiiB of thickneaa in Carboniferous 8;steni. 

The different members of the carboniferoua syateui vaiy 
mueh in mineral cliai-acter aa weil as in thickness in the 
Bovcval districts. In South Wales tlie conl mfiasin-es are, 
in all, from 13,000 to 14,000 ft. thick; the millatone grit, 
nbout 1000 ft., and the caihoniferoua limestone 800 to 
1500 ft. In the centi-e of England the carhoniferooa 
limestone ie i-epreaentcd by tha YmtiAa -cwJ^a ks^"' 
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Boaur limestonei and the great variations within quits 
fiijort distances are Hhown in the following table : — 

Bomiley. H. StnlTui'dBliiiTL Leicolmhiiu 

1. Coal measures, - - 8400 6000 3000 

2. MilUtono grit, - - B500 500 60 

3. Yoredale rooks, - iG16 2300 | SO 

4. Soaur limestone, - 250 ... •■■ 

Totals, 16,885 BSOO 310O 



CHAPTER III. 



17. SnrfitCQ Indications. — In an unknown or im- 
perfectly known district aeama of coal may sometimes bo 
discovered by a careful esamination of the beds of livers, 
tha sides of ravines or railway cuttings, or the faces of 
sea clifis. Sometimes the "basset edge," or outcrop of 
the coal itself, may be thus discovered; more commonly, 
however, only black shales containing impressions of fossil 
shells or ferns, more or less reaomblii^ figs. 3 to 1 7, will be 
found, the coal itselfhaving decayed near itsoutcrop. Some- 
times fragments of the underclay, containing portions of 
stigmana, will be observed, and this will be a good if not 
an infallible indication. Occasionally, tho situation of a 
coal seam is indicated by the outflow of a spring of water 
depositing much ochrey matter — the result of the decom- 
position of iron pyrites, or "brasses," in the joints of the 
coal, but this appearance may frequently occur without 
the existence of any coal. In some instances a darker 
shade of the ground, after ploughing, has led to the 
discovery of a bed of coal, but this sign can only be of 
value in a known coal-bearing distnct. 

18. FOBBlls. — Coal of good quality in paying quantifiea 
has rarely been found in Biitain unless associated with 
dark shales and fossils, i*e3embling figs. 10 to 17, ovei'lying 
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I liniestfliies witL fosaila, like figs. 3 to 9. No matter how 
ick the shales may be, unless such impressions are met 
> with, it will be a great risk to spend money iu the search 
f for coal. A disregard of this important fact has led to 
[ many costly undei'takiags in districts situated thousands 
[ of feet below the true "coal meaaure" horizon. In tha 
absence of more detailed information, and this is very 
rarely to be obtained, the Government Geological Mapg.i 
will, for those districts where the survey has been com-r 
pleted, suffice in almost every instance to prevent thoBQl 
, who take them for their gnidea from being similarly 1 
L misled in the future. 




Fig 22 Fife'. 23. Fig. 24. 

19 negative Indications.— Shonlii any rocks be found j 
[ wliitli contain fossils, reaiaiibliiig li'^a, 2L «; '13,^1.' 
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siLould be spent i 
finding coal is, it 




1 boring beneath them, as the chance of 

Britain, hojielcsa. 

SO. Inclination or "Dip." — 
■The aiaoiint of "dip" or "in- 
clination" of some bed of rockg 
having well marked characters, 
and situated as near aa possible 
to the bed of coal, should be 
most carefully observed, the 
rock traced for a conRiderable 
distance, and its thickness de- 
Dips of from 0' to 
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Fig. 26. 
The following table will bo of use in converting angles 
of dip into nearly equivalent statementa suitable for prac- 
tical application. It is extracted fi-om a very useful little 
appendix on geological surveying, written by Mr. Gflikie, 
of the Geological Survey, for Jukes and Geikie's Manual 
of Geology. 
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In this -table the nearest whole number is given, omitting 
fractions. 

21. The Clinometer. — The amount of "dip" may be 
readily determined by the aid of the "clinometer," a 
rough form of which is shown in fig. 27. This little 
instrument is often combined 
with a compass, when it forms 
a most useful prospecting com- 
panion. Where great accuracy 
is desired, a straight piece of 
wood several feet in length should 
be placed between the rock and 
the lower edge of the clinometer. 
The observation so made will give 
aid in determining the proper 
positions of the trial borings, < Fig. 27. 

since the dip of the coal beds will almost certainly be the 
same as that of the containing rocks. 




CHAPTER IV. 



TRIAL BORINGS. 



22. Position of Trial Borings. — The existence of the 
coal seam having been ascertained, or at least shown 
to be highly probable, trial \iOxm^ Tc^a.^ Tisy« XiR^ ^'eri 
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jn-operly commenced. These boi-ings shoiild be mada 
na far as possible in a direct line, at right angles to tlio 
line of "strike," or in the direction of the "dip" of the 
rocks, and closer together in disturbed than in undis- 
tiirbetl districts, as also wheie the dip of the rocks is 
great. 

The preliralnaiy examination of the country will Lave 
given some information as to the dci>th to which the boi'e 
holes will need to be caiTied; thns, if the required seam 
has been seen at a point, say 300 fathoms fi-om the pro- 
posed bore hole, directly acfosa the strike of the rocks, 
and the clinometer has shown the dip to equal, say, 1 in 6, 
the seam will, if undisturbed, be found 50 iathoma deeper 
in the now than in the old situation. 

133. Oocunence of "Faults." — Special observations 
must always be directed to discover whether any "faidta," 
"slips," "throws," or "troubles," exist in tlie neighbour- 
hood of the proposed borings, as these may upset all 
calculations if not discovered in time. In some cases 
tlieae faidta throw the seams down maiiy fathoms, as 
shown in fig. 28. Generally, if one such fault be known ia 
a district others may be expected to occur parallel with it. 




Fig. 28.— n, a, Bed oE coal; 6, 6, faolt; c, c', e, e, bore-holea. 
In disturbed districts, therefore, it is good policy to have 
very many bore-holes, as otherwise important dislocations 
of strata may not be discovered until much money baa 
been spent in laying out nselesa or unsuitable works. 
A consideration of iig. 28 will show that the information 
to be derived fi'om boreholes iud.y bo seriously miaundcr- 
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stood if they be not sufficient in number, ajid if the true 
dip of the underlying i-ocka be not accurately known. 
Here a seam of coal, naa, ia thrown \ip to the east by 
an iinaiispected fault, b 6. It is plain that if hore-holes 
are only made at c c, the bed will be supposed to lie 
as shown m dd, but if the additional trials at e e be 
made, the true position of the beds will bo at once 
known. 

34. Importance of Aacertainini: trao "Dip." — An- 
other illustration of the difficulty of obtaining tnistworthy 
infonnation from borings in certain cases, unless they 
are numerous, is afforded by fig. 29, which represents 
the strata met with in two bore-holes a and 6, 120 yai-ds 
apart, at tho Comforth Colliery, near Durham. In thia 
instance there happened to be two seams of coal of similar 
appearanoe and nearly equal thickness, situated under a 
mass of new red sandstone, of variable thickness, which 
, lay unconformably upon it. The seams cut being appar- 
ently similar and at ne'\rly equal depths it was natural 
to suppose them to be the same and to lie as indicated 
by the (lotted line but subsequent smkinij showed that 
this conclusion « 




I Kg 29 — 1 All ivuim 2 magnea an bmcatone 3 new red 
HantlBtoni. , 4, coul inciisun.s. u, bore hole, 40 fath. 21 ft, 
G in. ; b, bore-holo, 41 latli. C ft. S iu. j e, c, cupectod poeibioii 
of 5' 4" Beam. 



S6, The Boring: Apparatos, as usually employed, con- 
Bista of three principal parts, known aa head-^ar^ t^y^la.^ 
{ind roda 
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1. A triangle or Bhear-legs, fig. 30a. 

2. A wincUaBH or jack roll, fiy. 30'/, 

3. A pulley Mock. fig. 30o, , 

4. A rope, fig. SOd. 
6. A brakeataff, fig. 32. 
G. A pair of tillers, 6g. 3Ifl. 
7- A braucliead, fig. 31b. 

8. A pair oF numets or lifting dogs, fig. 33a. 

9. A pair of keys, hand doga, or ruil-wrcadwg, &^ S 
10. A spring book, fig. 33e. 

The ahear-legg or triangles, fig. 30a, are placed over the 
bore-hole for tho purpose of supporting the block and 
ropes by which the rods are drawn out of or lowered 
into the hole, either for clearing op chimgiiig the tools. 
" This raising and loweiing is necessary many times each 
day, and much time is always taken up in this part of 
the work, and to reduce the loss as much as possible tho 
rods are taken up in long lengths. For a deep bore-hole 
the triangle should not he less than 40 ft. high, and in 
addition a pit or staple should be sunk some feet, op 
fathoms, as the state of the ground may allow; aud in 
this pit the man who has charge of the hole will ba 
placed. Instead of this pit a strong staging or platform 
is aometiuiea constructed, having a hole in the centre 
through which the rods pass. Besides tho saving of 
time ia breaking joints thus secured, a still gi'eater 
advantage ia secured, since the actual depth of boring is 
by so much reduced, and with it the risk of accident. 
The total cost of the hole wUl also be much reduced, if 
deep, as the cost of boring increases progressively with 
the actual depth bored, and the effect of sinking, say, six 
feet at surface will be to save the cost of boring the last 
tax feet. Occasionally, the bottom of a deep hole has cost 
as much as £13 per foot, in which case tho saving would 
be very great. The shear-legs should be made of stout 
Norway poles, at least 8 inches diameter at bottom. 
Oeneinl]^, tioyefcintlupon the ground, \)«.ttVu^ B.t« olVrav 
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jointed Lito a frame at the bottom, 03 shown in the 


figure. 


The jack roll, (ig. 'iWV 


30 J, is EOTOetiuifs ^ljllil 


made 12" diameter, IMltl 


but 9" will be foimd I Mil 


more manageable. j < Ml 


One mode of attach- , ■. 1 


ing it to the triangle 1 1 1 


iashowninthefigui-e. ■ • (J 


The pnlley block, 


1 1 


fig. 30 c, is bettor / , 


It 1 


single than double, I ^ 


; \ 1 


aa thereby a greater f 


1 1 


speed ia attained. tl ■ 


' \ 1 


When tlifl weight of I'l . 


> \ 1 


rods is too great for M > It 111 1 


two or three men at ^'^ " 


1 ■ 


the-windlasa toover- /I „ 


I 1 


oome, it is better to i 1 ■ 
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applymachinerythan li ^ 


1 1 


tolosetimeinraiaing il 




nndloweiing the rods. [i 




27. Mode Of Work- fl ' 
ing.— For holes up ft 
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ground, tbe brace- Iw w 


iJl ^^^1 


heads, fig. 316, or tho E|__J 


Vi «=™ ^^^H 


tillers, tig. 31a, may hIhSBiI 


f - nllHlll V 


be attached to the ITM^^B^^^^M 


rods at top, and will ^"""Jj^^^^^BI^^Sglll^^^ 


serrefor raising them .^^MJ^UtB^/^^aS^^^k 


ft few inches for each ^^mB" '" ^^F^^^^^^^^g 


stroke of the chisel, ^^^^■^^^^^^■'™^^^^^ 


tho maater borer giv- Fig. 3ft 


ing the roils a portion of a tara "wVaft '^Xift^ ■Mfc-caHRi^'ssi'C!?^- 
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tto oliiael may cot fall twice in the same place. In very soft 
ground no lifting will be necessaiy, the simple turning of 
the heavy rods being sufficient. For greater depths, say 
up to 40 or 50 fathoms, the brakestaff or brake-beam, fig, 
33, may bo used. Tbisianaadeof firwood, from lOto 15 ft. 
long, with a fulcrum about 16 in. from the end a, at which 
an iron crook is attached, the rods being suspended from 
this crook by a loop or by a slioi-t piece of rope. The 
fulcrum of the brake is an iron axlo which worka in the 
socket b on the under side of the brake, 

28. Mode of usin^ the "Brake." — The operation of 
boring with the brake is as follows : — The i-oda, with a 
chisel attached, are first lowered into the bore-hole, and 
the upper end attached to the iron crook of the brake. 
Two or more men depress the long end of the beam, aa 
directed by the master borer, and so raise the rods a few 
inches; while they are raised the master turns the roda 
partially round, taking care to make the revolution in 
the dii'ection of the sun, so as not to unscrew tho rods; 
the men at the brake then leave go and the rods fall to 
the bottom of the hole, so cutting the rock. The master 
liolda the bracehead or tillers in his bands, and can usually 
toll by the touch when any change in the stratification is 
met with, or when the rods must be raised to clear the tools. 

29. CbangiDg: or Baising tho Gear. — When it is 
necessary to change or clear the tools, the bmcohead is 
unscrewed and a runner, fig. 33ii, attached to the ropo 
ia pnaaed under the swelling of the joint. By moans of 
the jack roll the men who were at the break draw up 
the roda oa far as the height of the shear-legs will allow, 
and the weight of the rods i» then taken up by another 
runner ]ma3oJ below the lowest attainable point, which 
runner ia suspended by a crosa-pole from the surface of 
tho pit or atajJe. Tho joint is then unsci-ewed by the key, 
fig. 336, the roita rcloaaod and laid aside, the runner again. 
lowered, placedunderthoawellingof the joint, and the lift- 
ing of the rods repeated imtil the chisel is drawn from the 
Uulo.esaminod, audrepkcedocexc\vo»'ifti.^OTMijA^!st\ji'^ 
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30. Deep BoriogB. — Instead of the brake a spring-pole 
may be nstd, witL iu onter end weighted ; but a& tbe hols 
becomea deepened it nill genemllj be desirable to diE^^ense 
with the brake or spring-pole, and t« pass a rope once or 
tkricc round the jack roll, leaving the onter end to be held 
by a man, and attaching the inner end bj the bwItbI and 
spring-hook, fig. 33c, to the rods. The men at the wind- 
lass then wind up the rope, the man outside keeps the 
rope taut until the rods are Eofficienlly lifted, and then 
euddenly slackens it when the rope slips round the drum 
of the windlass, and the stroke is made. The men. keep 
on winding in one direction, the man at the loose end 
alternately tightens and loosens his end, and in tliis way 
strokes are repeated very rapidly with a minimum of 
iati^e. 

3L Tools, — ^The tools used ate of four kinds : — 

1. Chisels, aDgan, etc, for cutting, breakiD^ or looeening 

tbe materul at the bottom of tha hole, 

2, For eitractiDg the loosctted material. 

3, For enlarging or equaliaiDg the hole, 

4. For extracting broken rocU. 

1. C/i.t«e&, etc., are of several kinds, as shown in fig. 34; 
o, is a flat chisel for modei-ately hard ground ; 6, a V chisel 
for similar ground; c is a T chisel for hard aud rocky 
ground; c^ is a shell augur for soft, sandy, or clayey, 
ground; e is a worm augur for loosening the bottom 
of the hole; j^ is a serrated tube for cutting coal by 
rcTalution. 

2. Tools for exLracling the loosened material. — The 
■hell augur or wimble, fig. Sid, is sometimes used for 
this, but frequently the valved augur or sludger, fig. 35, 
is used for this purpose. A serrated tool like fig. 31^ 
but having two cuttere and a valve inside, la also used for 
this pur])ose. In this form it is the invention of Mi". 
Stott of Fenyhill. - ■ 

". Took for enlarging and eqitalisiiig the hole. — For 
Tging, a larger shell augiir is used in soft gi-ound, but 
in hard ground the chisel shown in fig. 36n is fi'equently 
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u8od, in hard ground a T augur may also be uaed. For 
equalising the hole, n, suliil caue called a, roiindev, fig. 366, 
with a square base is sometimea used, but this is seldom 
neceaaary. The rounder is made of steel 'well lia,rdened. 

4. TooU for extracting broken rods. — Occasionally, in 
deep holes, the rods are unable to bear the severe torsional 
strain and bo break — more frequently a chisel or angor 
breaks in the hole — or a female screw gives way and the 
bore-hole becomes encumbered with the broken material. 
Sometimes the pieces cannot be recovered or removed, 
<^hen it is necessary to sink another hole from the surtoce; 
but frequently the broken rods may be i-ecovered by 
means of the crow's-foot, fig. 37a, the hell box or bteho, 
iig. 376, or the spii-al worm, fig. 37c, which are allowed 
to fall heavily upon the broken pieces, and often retain 
them until they can be drawn to the surface. There are 
many other forms of tool used in deep boring operations, 
but these can hardly be described ta this elementary 
treatise. The rods, fig 38 a and 6, are made of best iron, 
preferably square, ia 5 or 6 ft lengths, each with a female 
Bcrew at one end and a male screw at the other. They 
are usually from 1' to \\'' square, but for large and deeji 
holes are sometimes made much larger, A few short 
matching pieces are often supidied for adjustment in 
making iip lengths for convenient working. The female 
Bci-ew socket should always be made very strong, the 
thread stout, of not less than six turns. 

S2. Tubing. — In case of clay or quicksand, it is oftea 
necessary to line the sides of the hole with iron pipes. 
In such cases it is important to use tools sufficiently 
large to allow of the easy passage of the tubes, and near 
the surface these should be of considerable diameter so aa 
to allow of the succeeding pipes sliding down through 
them. The pipes for this purpose are made in lengths, 
either with bayonet joints, as in a, fig. 39, or screw joints 
as at 6, Three-inch pipes are ordinarily about 3s. per foot, 
but the piice varies with the state of the market. When. 
the bore-hole is comiileted those tuhoa may be sometimea 



wi th drawn by mean i 
of the spring dart, 
fig. 40, or witl) a 
solid tool called a 
Ijox-key, which ta- 
- pera from below, 
Upwards, somewhat 
like a railway key. 
This is allowed to 
£ill heavily into the 
tube, and then with- 
drawn, whenit often 






B of 



the tubes with it. 
In deep holes, how- 
ever, the tubes are 
frequently lost, 

33. Apparatus for 
Deep Boring:. — A 

completa arrango- 
ment for working 
such a set of boring 
tools as ^ve have, 
juat descnbcd to a 
dcf th of upwai-da of 
1000 ft IS shown 
in tg 41 where A 
la a lar^e tootlied 
wheel worked by 
spur gcaiuig from 
a steam engine or 
■water wheel Tho 
mode of working 
"Will be clearly undci 
stood from the pre 
ceding paiagraph") 
At B 13 a senes of 
weighta intended to 
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balance part of tho weight of the rods, and to pre' 
the force of tho blow from becoming osoessii ~' 
■weighta are increaBod from time to time, h 
arises. Tlie boring chisel ia seen at C in the bottom 
the hole. 

34. System of M. Kind. — Several very deep borii 
have been p\it down by M. Kind, a celebrated Gem 
master-borer. The tools used do not greatly differ &om 
those already described, but he has been able to reach 
great depths by employing a large wheel, some 16 to 18 
ft. in diameter, and 8 ft, wide, this wheel being worked 
by twelve men. Six men place themselves within this 
wheel, working as though in a tread-mill, while as many 
more aid in turning it from the outside. The lever from 
which the rods are suspended ia alternately raised and 
released by the action of four rollera, which are placed 
between two parallel discs on one side of the wheel. 

35. Deep Boring at Cesaingen. — M. Kind, by means 
of this apparatus, commenced a bore-hole at Cesaingen, 
near Luxembourg, on the 6th February 1836, and com- 
pleted it at a. depth of 292 fathoms, on the 22nd Mareh 
1839. The upper part of the hole was a little under 9 
inches diameter, while at the finish it was rather under 
4 inches. The first 256 fathoms were put down by 
means of iron rods, but owing to frequent breakages 
fi-om the weight of the rods, which appear to have been 
entirely unbalanced, wooden rods were substituted at the 
upper part of the column. 

The strata cut through consisted of liassic and triassio 
Mcka as follows : — 



Lias Limestone, 

Lnxembnrs Grit, 

Sandy MaH, 

Keuper SandBtona with Gyj 

Saliferaus Marl, 
Middle Grit, - 
~ and Saliferoue Marl, 



\ 
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• The wliole cost of thia boring ■was 110,000 francs — 
eqiittl to an average cost of about £15, 15s. per fatliom, 
of which two-tliii-da only was directly spent on the boring. 
The sludge and broken rock were extracted from the hole 
by meana of a valved cylinder attached to a rope, which 
was let down at intervals for that purpose. M. Kind 
has more recently caa-ried a bore-hole to tho great depth 
of 920 metres, or 3017 English feet, in the coal-field of 
Creuzot, ia Fi-anee, 

<■ 36. ChineEe Syatem of Boiing. — In this system solid 
rods are dispensed with, the tools being attached to a i-opa 
only, and allowed to fall hy their own weight. The 
necessary gear ia thus much simplified and reduced, and 
& moi'e rapid progress is attainable, but tho Jiole cannot 
be put down so straight as when rods are used. A very 
deep hole was piit down in 1867 at Sperenberg, near 
Serlin, by a combined eystem, in which rope-boring had a 
fiharo. The total depth of tho hole was 4051 ft. 8 inches, 
of which the first 956 ft. were put down by manuallahour 
and stiff rods, the remainder by means of ropes, to which 
were attached tools devised by Messi-s. Fabian, Kind, and 
Zobeh The rocks bored through consisted of gypsum, 
Buhydrite, ealiferous niai'Is, sandstones, and rock salt, and 
much trouble was experienced from falls of rock into the 
hole. The upper part of the boring was 15", the lower 
IS' diameter. The whole work was accomplished within 
2349 shifts of 8 houi-s each, of which 1 104 were expended 
in the actual borieg, and 1245 in raising and lowering 
the rods. An average speed of nearly 2" per Lour was 
attained for the whole time, hut the lower portion was 
executed rather quicker than this. The average coat 
■was, for labour, 6 thalera, or a little more than 20s. 
per foot; for labour, matcriul, and interest on plant, 
about 50 a. i 

87, Mather and Piatt's System. — A vciy successful | 
modification of this sy.steai has been largely used in. 
the Noi-tli of Fugliind, South \^ ■iV^i, wai iJv%'i^V'ai.«,>i^ 
Messrs. Mather imd Piatt, la. fim osfa.-n^^isi>^^^ "'^ia 
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LorUig tools are Biispended from a flat iron or ateel witb 
rope about 4J" by J", by wbich meana it is possible to 
raise or lower theni witli very great rapidity — the rope 
being wound upon a large drum with, brake 
and reversing gear, and worked by a Eteara. 
tngine. The percussive action of tlie tool is 
produced by a separate Email Bteam cylinder 
attached to the sbiging. 

The cutting too! a, witji its guides 6, and 
rotating gear c, is ^own in fig. 42. The 
cutters are readily replaced as they become 
worn or broken. The rotating gear e is 
veiy simple and effective, and depends for 
its action upon the elasticity of the flat wire 
ivape; but space will not allow of a detailed 
description hero. * The cutter makes a bore- 
hole fi-om 12" to 3' diameter, as may bo 
required. At intervals a. small piimp is 
lowered into the hole, and the water Rud 
debris pumped into it hy raising and lower- 
ing it a few times, when it is drawn to the 
sui'face and emptied. 

By means of this machine a boring 18' 
diameter was put down at Midiileaborough, a 
few years since, in triassic sandstone, gypsum, 
and marl, to a depth of 1302 ft. _ In going 
through the red sandstone the maximum rate 
of boring was 13 ft. in 13 hours, and when 
the depth was upwards of 1100 ft. a rate of 
3J ft in 13 hours was attained. The actual 
boring occupied CG9 hours, raising and lower- 
in the tools 1011 hours, and incidental labour 
Fig. 43. 4621 hours {including 1200 hours pumping). 
The average cost was about 12a. per foot, 
38. Methods of Beart and Fauvelle,— In these ayatems 
*nbular boring rod is used, down which a stream of 
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^Hfniter is made to &ow, of voliimo enfiicient to cany off I 
^^Kid bring up arouad the tool the debris. — • ■ 
^fbodei'ate deptli, and where water is abundant, this plan ' 
hss proved itself very successful. 

39. Beaumont's Diamond Borer. — This consists of a 
Byatem of rods, the lower portion of which ia liollow and | 
armed, or set with a numhei' of points of diamond — 
hardest substance known. This tool does not work like I 
other boi-ers, by percussion, but is naade to revolve with 1 
greater or less rapidity according to tho nature of the ' 
rock, by means of a. steam engine or other i 
power. In this way a solid core is detached aad raised 
to the surface from time to time, which shows the charac- 
ter of the strata passed through fai- more accurately than 
is possible by any other mode. Ey this mode of boring i 
greater speed is generally attainable than oven by Mather | 
and Piatt's machinery. The following instance may bo J 
given for example. A bore-hole was commenced on the 
7th October 1871, on the estate of the Stanghow Iron- 
works Company in Cleveland. In the first 15 working 
days a depth of 107 ft. was reached, 86 of which were 
l^driven through hard sandatone and another hard J'ock 
^Bftickly studded with crystals of quartz. Another 13 days . 
^■brought the bore-hole down 320 ft. more to the shale, 1 
^Bwverlying the ironstone for which the trials were made, / 
^■a total depth of 368 ft. The Aveather now became very j 
cold and the pumps were frozen, so that a delay of some ■! 
days ensued. OperatioBS were however resumed, and by I 
the 16th December, a further depth of 321 ft, was atteined, ,1 
and a core of valuable ii-onatoue bi-ought to surface from I 
this depth, in CO working days. Another liolo vi 
menced on the same propei-ty on the 8th June 1872, and J 
completed at a depth of 641 ft. on the 25th July. 

Of this system Mr, "W. Cockbum, the engineer of thera^ 

works, writes thus: — "In the old system of boring thgij 

debris was brought from the hole in small particles, anilJ 

^^had to bo put in an oven, or hefoi-e a fire and dried, aniUl 

^ftthen auijmiUed to inspection ; e.ud vt uiiAa.W-S.ex's': 
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■was posaecl throiigh, or required to be proved, the ■wearing 
of the chisek and rods was incorporated wiUi the material 
brought up, and not unfrcquently gave a valne to tha 
Bpccimsns brought out of the bore-hole, not at all in 
keeping -with the bed Triahed to be proved. Under this 
Bjateni this difficulty is effectually diajKhsed of, as a solid 
core of sti-ata Li brought up direct from the sti-ata per- 
forated." 

40. Boring ContraotB. — Trial boringa are usually 
carried out by contractors, who provide their own Gkillc^ 
workmen, boring toolg, and special plant, the mine owners 
finding engine or water power, and, frequently, labourers. 

41. Cost of Boring, — The cost of ordinary trial borings 
at Newcastle in 1869 was 



For the first five fathoms, 
„ second ,, 
„ third 
and so on, increasing 'i 



per 



7 

15 U 

1 2 6 

fathom on c 



r fathom. 



mpletlng 



every five fathoms. These charges were for boring througli 
ordinary sandstone, limestone, or other comparatively softi 
rocks. For very Imrd limestone, basalt, or other rocks of 
imusual liardness, or for holes of moi-e than a few hundi-ed 
feet deep, special agreements are made, tho charges some- 
times amounting to many pounds per foot. 

The cost of bore-holes by Major Beaumont's Diamond 
boring machine was, in 1874, aa follows: — 

iE «, ri. 

For the first 100 feet, - - - ■ 8 per foot. 



and so on, increasing 8s, per foot at the completion of 
each 100 ft up to the 15th, after which special agree- 
ments were m.ade. Hard rocks are not here of so great 
consequence, and it is larely the case that extra chargea 
are made oa this account. The cost is cei-tainly much 
greater than by other methods, but this is generally 

than made up by the greater speed attaineil, the 

briiy of the iiiformation gained, eta. 
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The charges quoted alwve are however, without doub^i 
Tery high, and thia ia owing to the method being thol 
Bubject of a patent in the United Kingdom, This is 
evidently the case, eince a boring was carried dovm by thia 
method, in 1873, at the Midlothian Colliery, Yirginio, to a 
depth of 826 ft. 9 inches in hard siliciaaa felspathic imd 
argillaceous Bandatones and dolomitic limeBtoaea, at au 
average cost of little over 2 dollars, or say 8s, 6d., per foot,™ 
— the wear and loss of the diamonds amounting to about>| 
25 cents per foot of boring. 

42. Comparative Statement of Cost. — The foUowing'fl 
comparative statement of the cost of several reprosentatiTS'J 





boreholes will be interesting and instTOctive 
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43. General Conclnsions. — A very elaborate compari- 
son of the coat, etc. , of deep borings, ia different counb^ea, I 
is given by Mr, Oswald J. Heinrich, Buperintendent of- 1 
the Midlothian Colliery, Chesterfield Co,, Virginia, U.S., T 
in the JVeio York Mining and Engineering Journal for 1 
May, 1874. Mr. Heinrich'a conclusions are : — J 

1. That manual labour is not advantageous for depths J 
jteyond 150 to 200 fL 1 

2. That a flat wire rope is better than i-igid rods for I 
leptha beyond 200 ft. 
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3. That the syeteiu of Mather & Piatt is preferable ta 
the dJaoiond ilrill for Boft rockH. 

4. That the diamond drill is moat advantageous where 
the rocks arc very bari, or whei-e very accurate infor- 
mation ia rciuired. 

5. That the small size of the diamond drill borehole 
renders tubing much less necessary in ordinary cases; bat 
that such small boles itre more diificiilt to tube when the 

In moat cases it will be better to ainlc a pit, or staple, 
from the surface Ireforo commencinf,' the actual boring, 
since the calculation of price reekona from the commence- 
meut of the actual boring and not from the surface. If 
this staple be, say, 5 fathoms deep, it urill enable a greater 
length of rods to be changed at one time, and so expedite 
the work ; but it ivill also save the great coat of ' 
the la»l 5 fathoms of a deep hole. 
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FAULTS, ETC. 



44. Generally inclined Position of Coal Seama— It 

has already been stated that the coal measures, with their 
aucompanjing bods of coal, do not usuaUy lie horiaintally, 
but are generally more or less inclined, the dip T&i7iiig 
from a few inches in a fathom to angles which occoaioa- 
ally approach the vertical. Tliey are also frequently 
liable to sudden inten-uptions as shown in figs. 3, 19, 43, 

45. Faults. — Such sudden changes of position, together 
■with many others of a different kind, are frequently 
spoken of as slija, dykes, throws, troubles, balks, swellies, 
etc,, and more gouerally as "faults." The word faul^ 



^- 



ia more pi'opovly applied to the Bndden changes of poaition,. 1 
or inten'ujitiona of continuity, already refen-ed to, and ir 
thia senaa it is always applied by geologists. 
Faults or slips usually ^ 

more, having a parallel 
bearing, sonietimea all dip- 
ping one way, but fi'O- 
quen tly dipping i 
directions. Oitlinary'fu 
are like that shown ' 
43, -where aa,bb, ai 
beds of coal disturbed by a 3 
fault at c. lu this instance 
the downthrow is towards 
the west, to which point 
alao Uie fault is inclined. 
Ordiiuiry faults dip to- 
^loardt tlwt tide on vykich 
ownthrow of the beds 
It will be obaetved 
that a borehole or shaft 
might be put down in 
the position dd without 
Btiiking the cool at all. >' 

46. Reversed Faults or 

'eriap faults are like that 

lown in fig. 44, wiiero 
'ftleo two beds are 



On 

Kwoi 

■>tha 
mi 
th< 

Btl' 



/ 



/"" 
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Fig, 4 



torbed. In overlap favUg the dip m on the opposite side 
to thai of flie dowuthroio. Tho student will observe that 
a borehole or shaft in tho position d would strike each 
Beam twice, 

The celebrated serios of faults at Butterknowle Collieiy, 
Dnrham, is shown in fig. 45. Here tho main coal and the 
Beams above it are faidted by no less than eight fiiulta. 
The moat northerly of the faults, known aa the Auckland 
;70 fathom slip, "throws uji" tlws coai. -^ft *S.\ft ■ws^^ ms^ 
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leas than 70 fiLtlioma, as shon-n at a. It vdll be observed- 
that with all the other elipa ehown in the figure the 
dip of the coal seams ia unchanged, but the seam to the 
noi-th of tlie 70 fathom slip lies almost horizontaL The 
explanation of this fact, which is Bimilar to wfaat ia 

Geology. Many slips ave known of even greater extent 
than that shown in the £guro. Thus the great western 
boundary fault of the Lancashire coal-field has a down- 
throw west, or an upthrow east, of no less than 1500 
yards. 

47. Bearings or Directiona of Faulta. — In nearly eveiy 
coal-field there appears to be several distinct systems of 
faults, but these are generully subordinate to some ona 
chief system. Great faults are also sometimes accom- 
panied by branch faults. In the following table tha 
a])proKimate beai-ings of the chief fault systems of several 
of the British coal-fields are brought into one view : — 
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48. Breadth and ContentB of Slip FanltB. — Slips or 
faults are occiisioiiEilly so tliin as to be easily miataktai 
for the ordinary jointing of the bnds of rock whteli they 
traverse; more frequently, however, they contain between 
their cheeks, or walla, a space pai-tially or entirely filled 
up by the debris of the adjoiaing rocks or other foreigiL 
matter. Very frequently they contain strings or pockets 
of iron pyrites (braBses), oxide of iron, or carbonate of 
lirae, and where they traverse the coal seams quantities of 
cindery or sooty coal mixed with clay. In some districts 
zinc-blende, galena, or copper pyrites, is found ia work- 
able quantities, whan the faults do not essentially differ 
from the fissure lodes of Cornwall or other metal mi ning 
distticts. Thus the Great Minera lead vein ia, in a 
part of its coui'se, the principal fault of the Denbighshi 
coal-field. Another instance may be referred to wliich 
occurred at the Tyne Main Colliery, where, in one instance, 
C cwt. of giilena woa gut from a slip by two men in 8 hours. 
„, s Many slips are 

T peiplexing in tiieir 

/ modes of occurrenoe, 

but the explaoatioQ 

( t them belongs to the 

iueo of Geology, 

li.'uimotbcentcred 

Slips are occasion- 
ally termed dykea, 
but tbey are quite 
difi'erenb from trua 
dykes, although they 
Fig 4G — Seotiosopa' TeooohFattit niayaccompanythem. 

a, a, a, 10 yard Beam of enal throw a .' f-™"6^ tvum 

down 150 yards by a pair of flUpB form- consist of a pair of 
mgatroaghfaalt;fc6, bed of basalt or faults dipping to warda 
graan rock Bimilarly faulted. each other as in fig. 

46, where it will be seen that a portion of 'the aeam ia 

thrown down into a kind of ti'ough. 
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160 Irreguknties of Co 1 
■udden thinnmga of the .„__- — 
coal, occasioned \y a 

depiession of tlio rujf ^ 

of the Heam, ' 



panietl by a eorrespond- 
ing depiesaion of tlio ^_ 
floor, or with a depics ^~ 
Bion of leaa extent, as m -^ 
figs 47, 48 Some bilks 
are occaaioned by &lii 
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TPig. 48.— Section o» a "Balk" oocasionbd bt the Coaly Hill 
DiKP atBrhuell Colliery, a, a, a. Dyke of basalt; h,b, 
bed of cool 

ilk IS so great as to almost 

t it L\ilk'J a ''iiij)." 
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"Swclliei" aiQ the opposite of balka, the ordinary 
thickness of the coal being mci cased by a depreBsion of 
the floor, ^s m Ji^' 50 
, ' Tad Coal ' laagenenc 

^^^ ' m applied when the 

^J— 111 chinge'} its ehar 

\^ li.r and becomes soft, 

s oty, cindery, or band 
f ed with clay, pyrites, 
S or shale, or ahattered 
: into fragments Such 
. . 1..1 ^\\^ \ s si changcsof mineral char- 

Fig BO — OaoniAEr " Swelly " ^^ter or conJition am 
OCCASIONED SY A. Dbfbessiok m frequent in the neigh 
bomhood of tlie ' ' 
presentlj to bi. du^tnbLd. 
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Other irregularitiea in the coal seania, which may be 
here mentioned, are illustrated in figs. 63, 53, 54. The 
bending of the seams by a fault ia shown in iig. 63. A zig- 
zag condition of the beds in some of the CQiitiuoutal flelda 
is well shown ia flg. 53, 
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a S. 31'E. 
Kk^tkortMuhBaMlk fenMia of 170 to 340 

oOw ua At ^ua rfaiHwl kra called "lows." 
■■m dMBud ku Imn ctwpuvd to tlK bed of a 
' aad Av Ivws to ib bwK^n or tribotario, vlucli 
a k 1mi dcp&. The rhannrh are filled piiatnpally 
r, ■wliich la tie Kick f luing the roof of 
these horse- 
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Vig. 65.— CocKFiiii \\i.s ■ 

Smjo.Tu'-i'i.'. 1. t* L 
being accompamed l\ a alipc 
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^tidta -withook n 
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The dyke at Spitaltongiiea Colliery, fig. 55, is 
■wide, it is composed as follows : — 

a, dlndery cosi, . . . ■ G feet, 

b, hard basalt. . . .12 „ 
Ci loose aoodatona and shale, . . 13 „ 
d, cindery coal, . . . . 4 „ 



J 



K 



Very frequently the dykes coinciJe with faiitta, aa ia 
fig. 56, whore « is a wall of hard basalt 9 ft. thick, b a 
mass of loose basaltic subataace and debris 10 ft. 8 inchea 
thick, and c another mass of hard basalt i ft. thick. 

The same dyke at Benwell Colliery causes a balk, as 
shown in flg. 48. 

63. Injoriona Efl^ots of Dykes. — ^As already mentioned, 
dykes are very frequently . 
BCoompanied by cindery c 
bad coal, and beds of coal 1 
traversed by dykes are often | 
injured to considerable dig- ' 
tances. An inatance of this ^ 
occurs in connection with tho ^ 
great Cockfield dyke shown ] 
in fig. 55. This is the most 
important dyke in the north 
of England; it runs from Fm.56.— HARTLBYWarNDrxB 
Cleveland in Yorkshire to faultiko two Seams orCoAL. 
and beyond Cockfield Fell, in a direction generally about 
45" west of north, dipping N.E. about 15" per fathom. At 
Eutterknowle Colliery it is about 7 ft. thick, but at Cock- 
field Fell Colliery and at Langbavgh, near Cleveland, it is 
nearly 10 times as wide. At Cockfield Fell Colliery tha 
dyke intersocta the Bitchbum 7 ft. seam, at a depth of 26 
fathoms from the surface. At about 60 yards from the 
intersection, on either side, the coal becomes dull, brittle, 
and broken, and the thin layers of carbonate of lime 
disappear from the joints. As it approaches still nearer 
the dyke, the coal becomes more and more ci!i4e,T3,-a»!!i. 
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diminishes in thickness until at last it is only 9 inched 
thick, and consists of n hardened sooty mass known as 
" Dant," or " swad," by the miners. The actual dyke is 
bounded on either Bido by a wall of clay of 6 to 12 inches 
thick, which sarvea as a dam to keep hack the water. 
In this colliery the dyke is also a slip, the strata being 
thrown up to the eouth-west ahout 3 fathoms, but at 
eome points of its course no displacement of the strata 
is observable. Some dykes traverse the coal in an almost 
horizontal direction, the dyke being nearly pai'allel with 
the seam. In euch cases the quantity of damaged coal 
is proportionately greater. 

54. Bearing of Dykes. — The bearing and nnderlie of 
dykes varies as much aa those of slips. The chief dykes 
of the North of England have directions vai-ying from 
N. 82° W. to N. 4&° W., the average being about M. 
60° W. 



CHAPTER VI 

OF SHAFTS AUT) BHAFT-SUtKIKO. 

S5. Poaition of Main Pits. — Having at length deter- 
Inined the depth and dip of the coal seams with accuracy, 
the miner b now enabled to fix the position of his 
chief shafts or pita, so as to work the mine in the most 
economical manner. With beds of coal lying as in fig, 2, 
these would be better placed as at a or 6 than at c or d, 
Sach positions are chosen that the coal tubs may descend 
to the pit by their own weight to save haulage, and 
very often the empty tubs are carried back up the incline 
by the weight of the desoending tuh& This mode of 
"working to the rise" is now almost universal. 
'- It is true that such a situation for the pit renders 
a natural ventilation somewhat more difficult, as will he 
Been from a consideration of the chapter on that subject; 
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V tut in coal mines wlei-e an artificial Bystem of ventilation 

V is always adoptetl, this is of little importance. lu many 
■ of the older collieries of S. Wales and elsewliei'e, the 

systom of working dowawai-ds, or "working to the dip," 
■was adopted, and this so mucli lessened the difficulties 
of ventilation that disastrous esplosious were formerly 
much less frequent than of late yeai-s. 

86, Form of Shafts. — The most common form for i 
t]ie "shafts" or "pits" of coal mines is circular, but they- 
are occasionally made rectangular as in metal mining, o 
even polygonal, and many of those more recently sunk are 
e)liptical,whichiaprobablythebeBtpos8iUeform,a£rording, 
as it does, the most convenient working space for a, given 
area, and being also a very strong form. Circular shafla 
vary from about 8 to more than 20 ft. in diameter, but 
a good working sizo for a largo output of coal may be 
taken at from 12 to 15 ft. Aa it ia now compulsory in 

I Great Britain to have, at least, two shafts in ail collieries, 
except those provided with an adit level, very large-sined 
pits ai-e now less necessary than they were in timea I 
when only one was sunk, and afterwards divided by ' 
bratticing into an upcast and downcast portion. 
I 57. Commencement of the Sinking, — In starting a 
new collieiy it will generally be advisable to commence 
a pair of pits at the same time, and pretty near each 
other, if the result of the trial borings wiU warrant 
Euch a course. The work will pi-obably be done by 
contractors, and in making tbe conti-acts the manager 
Trill bo guided aa to price, as well as in his provision of 
I materials and tools, by the information afforded by tlie 
I ' trial borings. Unforeseen difficulties, however, are almost 
[ sure to arise in eveiy considerable sinking, so that it will 
. be well for Lim to provide for moi-e than what is indicated 
by the borings, that thoro may ho no delay at critical . 
periods. • — " '," — — I 

68. Transit Arraiigement8.—It will fi-eqnontly happen I 

k that the sinking must he started at a considerabla disc 
n any road. In b«c\v (!!>&&■& ""A -^I'-Hi- ^«* ~^'«^ "^ 
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conetnict a road for tlio more ready conveyance of tools 
and materials. Of cotirRc tbia will be leas necessary if 
ft permanent arrangement of a railway or siding is con- 
templated for carrying away the coal when it is reached; 
but even in this case the cost of making a moderately 
good road ■will ho saved in the more convenient and 
cheaper transit of stone, timber, etc., for the sinking 
which will result. la many instances a light tramrond 
may he laid on the sui-face without previous preparation 
by cutting or eiahankmeat which will serve every 
purpoBe, 

09. SurfEice Sinking and Tubbing. — The &rat portion 
of the sinking will frequently be in soft ground requiring 
timber support. The pit is marked out about 2 ft. 
larger than the intended size when finished, and the 
ground removed by pick, or " hack," and shovel. For 
the fii-st C ft. the men will be able to throw the earth tD 
the BUifnce as it is loosened, and by the erection of an 
intormodiato staging that from the next 6 ft. also. While 
this la hoing done several wooden frames or " cribs " are 
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prepared in sections, like fig. 57. These cribs are besS" 
nifido of oak or elm, a good size being SJ' square. The 
BOgments are fitted together at the surface, and then sent 
down and strongly nailed together in the pit by means 
of the overlapping cleats. The first crib is placed on 
the bottom of the pit, and the "backing deals" of fir, 
about 9 ft, long and 7 or 8 inches wide, and 1 inch thick, 
i placed behind it, between it and the earth, thus pro- 
sting at sui-face about 3 ft. Another crib is then put 
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together whila resting on the first an I then raised up 
some 2 or 3 ft an I aiipported by punch pi-ops as 
Bhown m fig 58 at e With orhntiry ground two cnbs 
per fathom will g iffico but m tender ground it may bo 
ivell to use three to the fathom and to back them up 
with backing deals of H or 2 inches thick It will bo 
Been that these cnhs represent the sets used in shafts 
ftr metal mmmg m Cornwall and elsewhere, while the 
backing deals rej resent the Ktha 
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The earth thrown out in the sinking is piled up around 
the projecting 3 ft, of the backing deals, bo as to raise the 
mouth of the shaft to that extent above the general 
surface of the ground, this elevation will be useful to 
keep the surface water from running into the shaft, 
and will also serve for a " tip " for the stuff drawn out. 
When this is done another 6 or 9 ft. is taken out from 
the bottom to the size of the finished pit, say 14 ft. 
The bottom is then cut out to the fiize first marked 
out, say 16 ft. 9 inches, and another two or three criba 
put in with their backing deals and punch props, the 
clay being gradually cut out, upwai-ds, nntil the first 
crib put in is reached. During tliiBYKQWS»i"^'«C!Si.'fi^'?» 
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denla" or battens, dd, fig. 58, are n^led over the threa 
cribs alreiulj in, so as to keep them in their right placea. 
OcciLsionaUy, it is necessary to suspend the wbolo of tho 
timbering fi-om balks placed at the surface, as shown in 
the fig. at a, o. Thecost of timbering^aBdesci-ibed, inordi- 
naty groond with two oak cribs per fathom, say a pit 
lift, diameter, when finished will not be less than £8 jier 
fathom, and may be a3 much na Xll. Where e!ni is to 
be obtained cheaply, say for 2b. per foot, a considerable 
Baring will be effected in the cost of tie cribs — the most 
costly part, 

60. Pits Sinking.^ — Sometimes it is necessary, where 
the stratum is very loose, to commence the pit of a 
very large size, beginning by driving a row of piles 
clMe together and puddling well behind with clay, na 
shown in fig. 59. In this figure the piles are shown 
at b b. This mode was adopted in sinking the pit at 
Framwellgato Moor Colliery, near Durham, where the 
pit was commenced 30 ft. in diametei-, and afterwards 
reduced to 15 ft. in several anccessive stages. Such 
worts are very costly, and where the loose sand or mud 
is preyed to be very deep by the trial borings, should 
only be commenced when no other suitable position, for 
the shaft can be secured. Alluvial deposits are some- 
times very difficult to siiik through, the pressure on tho 
timber being so great that the whole pit falls together. 
An instance of this which occurred at the Norwood Pit, 
which was sunk through the aihirium of the river Team 
in 1851, is described in great detail by Mr. Greenwood.* 

61. Sinkiiig in Btone. — ^The first contract will gener&Ily 
take the sinkers through tho loose greund or clay to tho 
" atone-head." As soon as tho rock appears to be sound 
it should be cut back nearly 5 ft. larger than the finished 
size of the pit and accurately levelled. The bed so formed 
is laid with planking, and a large "wedging crib" of stone 
or iron is laid upon it in segments and firmly wedged into 
its place. Should the crib reach the nett size of the t'' 

'Practical TreatUe on Mine Eiir/ineeTinu, pp. IGO-lSa ^ 



Walling oV etoke or brick, 

<o Boon, pieces of oak are placed between the joints and. ] 
on -wedges driven into these until the Bcgments are 
ghtly wedged rs they can posaibly he. 




g. 6[f. — (7,0,0, Backing dealfl; 6,6, piles; c,c, woodcribB; il, it 

cribt; A, apace Btowed with puddled clay; B, etone wolling^l 

63. Walling of Stone or Brick. — Below this first iron 
or atone crib the timbering often gives place to ■walling, 
either of stone or brick, according to the resources of 
tiie neighbourhood. When stone is usod it should be 
Bccurately dressed to its true form on its face — its tw(\ 
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beds and tlie two end joints. When good clay is obtain- 
able, brickB ebould be moulded to the right foi'm, and tha 
walling BO executed will be found very eft'ective. Occasion- 
ally, tbey may be made of the clny taken out of the first 
sinking and burnt on the spot Soraetimea lavge blocks 
of b lay are mould d into the p ope form and burnt, 
and this forms a moat ex Uent walling a httle di 
tlian ordma y 1 ka b t h p than dressed atona. 




The wall should be laid in good lime or cement, and 
well puddled with clay behind. It is built from a cradla 
or platform, suspended from the pit's mouth by ropes or 
olmna, which is lowered or raised as required. Thia 
OTsdle is the same shape as the pit, circular or oval, as 
the case may be, and about one foot less in diameter. 
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METAL TUBBING. 

The cost of walling a pit 14' in. diameter, as shown in 
fig, 60, with stone will rarely be less than £15 to £17 
per fathom, and may reach £20; bi-ick walling may 
probably be one-third less when the materials are at 
hand. 

63. Metal Tabbing.— If the water becomes now con- 
siderable in quantity, it may be necessary to resort to 
metal tubbing, tta in fig. 61, the sides of the pit beins^ 
dressed very true, and the cribs, oa before, put ir 
segmenta with wedging pieces of oak between the joi 
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The coat of such a wedging crib will often be £50 or £G0, 
and occasionally something like £100. The tubbing . 
plates {fig, 61) are then placed upon the crib in order, tboj 
joints being broken as in fig. 62. Every plate has a hole in? 
the middle to afford vent for water until tlie whole is" 
complete, and is cast with strengthening ribs as shown ii 
the figure. Each plate has also a fiange at the back of the 
upper side, and oue edge to keep the sheathing and adjoin- 
ing segments in place. Pieces of wood are placed behind 
t the tubbing plates, between them and the side of the pit, 
■W as to cover the joints, and wedges are diivcn behind 
Uiese to bring the plates into their true places. Pieces 
if wood are also plawd between all the joints,i«rtJiS^KQJi. 
lotttal, which, being brought to^e^.Vfti; "iHi' 
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mike tliem tiglit. The holaa in tite tulbing plates are 
plugged up last of all, and aometlmes pipea are placed in 
one or more of tlie upper platoa to relieve the preaaure by 
giving vent to the water. The cradle used in walling is 
also used for tubbing. 




64. TliietaieBS of Metal Tubbinir.— If castings could 
36 obtained without faults of anj kind, it would be bu£- 
""nt to increase the thickness proportionately to tho 
■ : in other words, the pressure to be resisted — 
lied by the diameter of Uie pit. As, however, such 
s are not obtoinahle, it is necessary to modify such 
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ft calciilrttion by adding a constant, Mr. Greenwood givea 
the following fonnula for practical nae. 
Let P=:vertical depth in feet. 

, , D = diameter of pit in fetl. 

„ « — thickness of plate required in fed ; then 



The following table is calculated by menna of tLis 
forranla for ready reference, the tLickncssea ai-e given in 
inches and decimal pai-ts of an inch. 
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1^483 
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I 65. Cost of Metal Tubbing.— This varies of conree 

with the price of iron ; but the cost of such tubbing for a 

pit 14 ft. diameter, rather under an inch thickj will he from 

^50 to .£60 per fathom, exclusiTe of lowering and fixing, 

which may increase the cost by £10 to £20 per fathom. 

In shafts smaller than li ft., the less expensive stone or 

brick walling will usually auffico to keep back the water, 

and occasionally for shafts of no great depth a tubbing of 

stout planks or of solid cribs, placed one upon another, may 

be used successfully, but in larger shafts iron is now almost 

Bxcluaively used. The metal tubbing may perhaps bo 

needed only in portions of the pit, at other times all the 

way down until the seam to be worked is reached, when 

if couTBe the cost of the pit will be very greatly increased. 

Occasionally, tubbing consisting merely of planks nailed 

I inside wooden cribs very carefully laid, without backing 

t deals, is found sufficient, and in very loose or troubleaoma 

[ ground a solid tubbing made up of a Buccesawii. <iC wrisj. 
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resting upon each other has heen found veiy valuable. 
The deeper the shaft, it' the gi-ound be at all loose or wet, 
theatroagerof course ia the tuhbing required; and altfaougb 
a tubbing of solid crihs is very expensive, it is much 
cheaper than metal tubbing, and strong enough to resist 
a piessure of 150 lbs per inch, corresponding to a bead 
of 60 fathoms, and where the water is corrosive it is 
much to be preferred The enormous quantity of water 
'described as occurrmg at Newcastle, in Art 71, was 
Btopped back by a solid tubbing of 9" cribs. 

66 Inolined Dnfts — Highly inclined beds of coal, 
^iSv^N W''-. such aa many of those found on 

f tho borders of the South Walesj, 

Scmeraet and other coal-fielda, 

1 e sometimea worked by means 

f inclined dnfta following tha 

dip of the beds, as in many metal 

mioes, in place of vertical ahafls. 

&uch drifts are seldom or never 

lined with metal tubbing, and not 

otton with soLd masonry. ITiey 

H(ii are frequently rectangular, 8 

3- to 12 ft wide, and 6 to 9 ft. 

F g 1)3 high, an 1 strongly timbered with. 

"piira or EPta and htha," in the same raaaner as diat 

shown in fig 63 

67 Ventilation of Pit SinMngB.— After the first 20 
or 30 fathoms are sunk, and sometimea much sooner, the 
air frequently becomes very foul in the bottom of the pit. 
TTsually the division of ihe shaft longitudinally, by a 
"brattice" of wood or painted canvas, is sufficient to 
determine a cun'ent of air down one side and up tho 
other, and the current may be increased, either by keep- 
ing the men at work on one side only of the brattice 
at one time, so warming that division somewhat, or by 
lighting a small fire in one division. In old times, whea 
collieries were worked from one pit, this brattice par- 
titioa WW permanent, but now that it ia compulsory4iiiJ 
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Lave at least two eliafts, it is only a temporary contriv- 
ance to ba used until a couiniunicatioa lietweeu the two 
shafts can he efiected, wlien some one of the aystema of 
Tentilation described in. the chapter on that subject is 
adopted. Occaaionally, it may be deau'able to force aii* 
down to the bottom of the pit, or to draw out the foul 
air by some mechanical meana. Sevei'al contrivances for 
this purpose will he described in a future chapter. 

66. Conatniotion of BiatticingS. — A temporary brat- 
tice may he vciy readily constructed as follows ; " Buntons" 
of fir 2 inches thick, 4 or 5 inches wide, and long enough, 
to reach from side to side of the shaft, are nailed at in- 
tervals of 3 or 4 ft. to the oak cribs, oi- else placed in 
notches cut for then- reception in the stringing planks 
fehown in fig, 58, and seciu-ed with iron nails or oak 
t.dowele. One or two thicknesses of " bmttice-cloth," a 
^t^ind of pninted canvas made for the |mrpoae, is now 
^K<iiailed to the bunton, and the brattice is complete, at a 
^Etotal cost of little over £1 per fathom for a pit 14 ft. ^^_ 
V'diameter. Instead of the hi-attice-cloth, one inch deals, ^^^H 
^^^ving their edges pinned, may be nailed securely upon, ^^^^| 
F the buntons side by side. The cost of this will be from ^^^H 
£1, lOa. to £2 per fathom. ^^^| 

The same kiJid of brattice, if required permanently, ^^^^| 
may be made of buntons 3 inches thick and 5 inches ^^^^| 
wide, covered with 2 inch plunks tongued and grooved, ^^^^| 
or having their joints covered with naiTow slips one inch 
tliick. The cost of this bratticing will bo nearly twice 
tihat just described. 

One of the best foi-ms of brattice is that known as the 

"plank brattice." It consists of a. succession of 3 inch 

p^ks placed across the pit, bunton &shion, resting edge 

upon edge, and kept in place by a double series of stringing 

planks. If the plank brattice is to be applied to a shaft 

I lined with metal tubbing, grooves for the reception of the 

P planks may be cast in two rows of the tubbing plates. 

L The cost of a plank brattice will be from X 3 to £4 per 

I £tthom. 

ISA 1 
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69. Timber used in Mines. — The best kinds of timber 
for use iu mining operations are oak, elm, lai-ch, Norway 
fir or red. deal, Swediali or yellow deal, and American 
pitch pino. The oa.k and elm are not often required of 
very large size. These hai'd wooda are used chiefly for 
cribs, and the price will be usually from 3a. to is. per cubic 
foot. Norway fir is very valuable for all underground 
work, as it is very strong and will bend condderably 
before breaking, so giving timely warning of impending 
accident. Ita price at tlie port of entry ia usually front 
54 to Is. per foot. It ia imported in the round state 
with merely tho bark stripped off and the ends squared. 
Swedish timber ia usually imported in square balks, of a 
Bomewhat larger size than that from Noi-way. Being 
squared and large it cuta to more advantage into battena, 
baddng deals, etc., than the Norway, so that although 
it ia about Is. 4d. per foot at the port of entry, it ia not 
really much dcai'er in actual use. lb is not quite bo 
strong aa Norway timber. 

American pitch pine reaches this country in very laige 
balks, suitable for euch puipoaes aa making main rods for 
pumping engines. It ia a very durable and strong timber, 
but of rather a high price, from Is. Od, to 2a. Gd. per foot 
Occasionally, when exceptionally long and large, a much 
higher price than thia is given, 

For use as sleepers for tram roads, and for many otlier 
purposes, the small oak and fir poles, which may often 
be obtained where plantations are being thinned, will 
be found very economical. Por sleepers they may bo 
merely cut down longitudinally, the flat sides laid to the 
ground and the tram-rails nailed to the round sides. 
Oak poles fit for thia purpose may sometimes bo got for 
lOs. to 12s. per ton. ■ 



CTHE WINDLASS OB JACK-ROLL, 07 I 

CHAPTER VTI. ^J 

UACHINEBY USED IN SINKIXG SBAFT9. ^^H 

— 70. Raising; of DebriB. — We have already meEtioned ^ 

that for the first twelve feet, or " two throws," the earth 
may be thrown out by the men. From that depth down- 
vards some kind of machme is necessary to keep the pit 
clear of debris. To the depth of 5 or 6 fathoms a hand 
■windlass, or "jack-roll," will perhaps be mcst useful ; but 
for greater depths a "horse-gin," or "whim," will be 
preferable, or elae a poi-table engine, unless the engine 
for permanent haulage is on the gi-ound, when this may 
be at once got to work. 

71. Raising Water while Sinking. — The water met 
with in sinking is usually raised in tubs holding from 
60 to 300 gallons, but as it increases some arrangement 
for pumping will often be indispensable. Occasionally, 
the quantity of water flowing into the pit is enonnoiia; 
thus, at the C pit of the Wallsend Colliery at Newcastle, 
in 178G, a feeder of 1700 gallons per minute was met 
with at a depth of 30 fathoms from surface, a quantity 
BO great that oontiuuous pumping became necessary, in 
order tiiat the men might continue their work in the 
bottom. 

In modem sinkings, "direct-acting" pumjM hung on 
cross-bearers, and Buj>pliGd with eteam from the suiface, 
ai'e often used while sinking. These and other contriv- 
ances for I'aising water will be described in a future 
chapter. The pits are always sunk some yards deejier 
than the deepest workings within the mine are intended 
to be so as to fonn a "pound," "staudage," or "sump," for 
accumulating the water in case of a temporary stoppage 
of the pumps thi'ough accident, or for repairs. 

172. The WindlaBB or Jack-roll.— This is usually mad* 
DU the spot by the miue-carjen^fti:, \^ i:Q^isX-s'^'i'"i!i\s. ">a 
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1 follows: Two piceca of ''half-timber" jy, fig. Si, 
,X Rejected and placed across 

the Bhaft, vHch is here 
showa square. These are 
called the bearers, and they 
are afterwards planked 
overexcept the small space 
m the centre i-equired for 
■woi'ldng the kibltle, or 
Binking corvea. In the 
nuddleof these half-timber 
beavera the npriglits, 6 b, 
are morticed. These may 
be made of planks 4 ft. 
Fig. M 6 inches long, 10 to 12 

inchoB wide, and 1^ to 2 inches thick. In the nppor end 
of each upright a slot about 10 inches long and 1^ inches 
wide is cut, and the bottom lined with iron to receivo 
the iron handles and keep the wood from splitting. The 
baiTol c is made of a piece of Norway fir 8 to 10 inches 
thick. The ends of the barrel ai-e strengthened with iron 
bands to prevent them from splitting when the iron handles 
are driven in. The iisndles d d are made of 1* or 1^* 
round iron bent twice at right angles, aa shown, and 
squared and tapered at one end for driving into the barrel, 
for whioh the handles serve also as an axle. Tlie parts by 
which the men take hold should be not leas than Vl inches 
long A piece of wood 
e IS then fastened aci'osa 
the top, and a groove ia 
made m it to recoive a 
fthding piLce /, which 
1 rmg pushed out beyond 
tlio bind of the handle 
holds it when required, 
liLLping the load from 
dLScendmg The staya 
a a are fixed extending sideways from the uprights 6 b. 




Fig 66. 

74. The Horse-gin or Whim. — Thia ia a very coi 
iTBiiient and powerful contrivance for hauling stiifl c 
i ■raising water fiom moderate depths. An esadlettt foi'm-'l 
T of this machine is that ao common in tlie metal miaesifl 
[ of the "West of Fli_1 ind, shown in fig. 67. Tlie mode of I 
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Jnatrcction ia as follows — Tlie axle a is of oak, abouft 

HfS" diameter, and 12 or 14 feet long Three sets of^ 

■J^B are movticed into this at diato-ixces, ci ?i,'fe,M!A. 

PO foet from the lowti- end. "VI'^b. "Oaesa Knss.%^»i^*is»- 
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Bogmenta itre nniled, and upon these again the 4-iiicIi 
plunks wLich form tho barrel or cage. Each, end of the 
iixlo U bound 'with iron, and each has an iron centre 
iittiiched. Tlie lower one works in a block of stone, 
Bliown at b, the upper In an iron socket fixed to the spaa 
\ma,m cc. This is made of a piece of Norway or Swedish 
fir, 56 foct long and about 10 inches square, BUpported 
by tbo legs d d, which are morticed into the beam, and 
fi'oquontly strengthened with iron strapping plates. Stays 
nro added at ««. The barrel /^is 10 feet diameter; be- 
neath it is placed the driving beam ^g, 30 feet long, and 
fltrengtiionod by tho stays h/i. At one or both ends gf 
tho diiviiig beam a bar of iron is fixed with a yoke to 
which a horse may he attached. Tho total cost of the 
wliiiii hero doscriljed is under £20, and it is a very 
oUipicnt machine indeed. 

75. The Pulley Prama or Poppet Head is shown over 
the shaft to the rifjht of the whim. The construction is as 
follows: — Two timber "horses" ii are first formed. The 
"Ioj{m" are about 13 feet long, and 10 or 12 inches thick. 
Those are partly sunk iu tlie gi-ound, and the upper ends 
ai-o Miortioed into tho "caps," which are 9 or lO feet long. 
Tho horaoH are placed one on each side of the shaft, about 
B or 6 feet amrt, the ocntre of the space between being 
in lino with the span-beam of the whim. 

Can'iera are plaood across tho horses, and the hearings 
of tliu pulleys rest upon these. The pulleys are usually 
of dilforont siaes. Whoro chain or hemp ropca are used 
for hauling, one may be about i feet and the other 2 feet, 
each being 4 inches wida Wire rope is seldom used 
witli a whim, but should it he used, tho pulleys must 
be much larger. The total cost of such an arrangement 
will not much exceed ^6. The couti-ivance just descnbed 
is only suitable for a small shaft or for temporary purpMea. 
A much larger and better pulley frame of iron will bo 
described in a future chapter. 

76. Sinking CorveB.--The earth or rock, as it is broken 
ai tbo bottom of the pit, ia placed m"!Mik\\i%'i(iEv«a" at 
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lazel wickerworb, aa shown in £_ 
(kibbles) moi-o or less like tbat 
Btown in fig. 64. Tliey are made 
flmaller at tlie top and bottom 
tlian in the centre, in order that 
the ascending and descending 
corvea may push each other aaida , 
■without npsetting aa they pass 
and repass, The bows or handles 
must of course be well BBcured, by \ 
washers and cottar, or otherwise, 
in order that thera may be no risk 
of their giving way. Square boxes 
of wood are sometimes used, but 
there is much greater lisk of their 
coming into contact and upsetting, "When an iron kibblo 
IS used a. good deal of water may often be brought up 
with the earth, and the same kibble is available for draw- 
ing up water aa it accnmiilatea in the bottom. 

77. SnspetiBioii of the CorveB, — In some districts the 
corves are suspended by means of the spring-hook shown 
in fig. 60(t, at other tinies the rope is knotted around the 
top of the bow, as in fig. 696, 





' 78. Striking De&la.— To diminish the risk of acciJent 
in the event of kilihlos or coiTes striking against the 
covering of tho pit, what are called "striking deals" may 
be used. These are pieces of wood ^Wiiil, aa ^•a^-a.Ssi.'OQRi 
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Upper part of fig, 70, wliich sei-ve to giiide the ascending 
corve through the opening tit the top. The mode of fixing 
calls for no special remark. 

79. Power of the Machines Described. — With the 
jack-roll, two men working 8 houi-s per day Tvill raise, 
from a depth of 60 feet, from 80 to 100 kifehlea, each 
containing two cwt. Including the weight of the kibble, 
and allowing for friction of the machine, the actual work 
will be about 1^ million foot-Iba. "With a one horse-gin, 
from 16 to 20 tons per eight hours may be raised from a 
depth of 40 fathoms, two horses will raise nearly double 
this quantity. Generally, a mule wUl do about two-thii'da 
the work of a horse, a donkey one-fifth, and a man 
about one-seventh. 

With the above data, it will 
be easy to calculate the proper 
amount of work to be done when 
the machinery ia in good order, 
under various conditions, and at 
various depths. Remembering 
that a gallon of water weighs 10 
lbs., it will also be easy to calcu- 
late the quantity of water which 
may be raised in a given time, i 

80. Landing the Corves. — In 
some localities tho corves are 
pulled aside as they reach the 
top of the pit, and their contents 
tipped into tubs or trollies. With 
a heavy corve, however, this ia 
Bomowhat dangerous — a better 
plan is to use a spring hook and 
a spare corve. The corve on its 
.aiTival at the top ia drawn aside, 
placed on a tub, and detached. 
The empty corve is immediately 
put in its plaeo and sent down, 

■'at the delay is but trifling. 
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H The best plan however, especially for heavy kibbles, ia 
V to have the top of the pit covered by a. trap-tlooi- which 
* Opens to Jet out the ascending corve and then falls back 
by its own weight. A tram-i'oad which extends from the 
tip to the edge of the pit is continued on the top. of this 
trap-door. When the door falls, a trolly or tub, kept 
ready, ia wheeled in under the kibble which ia immediately 
lowered and upset. The tub ia then withdrawn, the traj)- 
door opened by a chain which is made to work by the 
machinery used in hauling, and the kibble at once 
descends. All thia ia effected in a very brief apace of 
time, and without the least difficulty or danger, 

81. Penthouses. — When men ai-e working at the bottom 
of the shaft, and rock is being raiaed in the corvea above 
their heads, there ia a risk of accident and injuiy from 
falling stones. To protect them ironi this danger a tem- 
porary sloping roof of boaids, called a penthouse, ia some- 
times plnced over them while at work, as shown in fig. 70. 
Such a precaution should never be neglected when stuff 
is being raised over tlie men at work, and it ia especially 
necessary in small shafts like that shown in the cut. 
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CnAPTEPv VIII. 

OF DEAD WORK OSDE&CROUKD. 

82. Qate-ToadB or Bolley-ways. — The pits or shafts 
being aunk to the required depth, and the seam of coal 
reached, the driving of a jiair of galleries variously called 
•'drifts," "headinga," "levels," "waygates," "gate-roads," 
and "rolley-ways," commences. These are intended to 
form the main channels of communication between the 
different paita of tho underground workings and the 
bottom of the shafts. They ai-e cut as f ar aa possible in 
■' I coal itself, and conforming to the general indino.twi'i. 

the seam, but not foUowiag ftua aiia'K "is^K.^^'ai^'^st- 
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In BOice diBtricts, however, where the seams are very 
much contorted, the main roads are driven in the roclu 
quite independently of the seams. These di'ifts are com* 
meaccd from the bottom of the shaft, and in the beat 
Byatems of working they are extended ot once to the 
extremity of the royalty hefoi-e any working faces are 
commenced. 

The directioa chosen for the main drifts will de|>end 
mainly upon the situation of the pits with respect to the 
boundaries of the royalty, but partly also ujKJn the natni'al 
jointing or "cleat" of ttie coal. When there are two 
shafts, one main drift will proceed from each. Examples 
of these main dnfts will be seen in fig < 1 at tt and at 
figs. 79a6, 80c, etc In some systems of working the 
main drifts are three la n imher and they aie known as 
the "roUey-wny the high water level and the loir 
water leveL" 




Fl£ "1 

83. Pillars between Drifte —A space of fiom 10 to 
30 yaiils in width m usually 1 ft between the mam dnfts, 
more or less accordmg to the greater oi leas depth from 
the surface, the cond tion of the roof and thill the 
tenderness of the coal seam an I othei considerations. 
This mass ia holed thiough at intervals from drift to 
drift, as may be required for ventdating the ends — say 
every 30 or 40 yards — the mass between being thereby 
converted into a series of pillara 

As each new holuig is completed a wallmg or trap-doop 
parbitioQ is put in the one next, behind it, so compelling 
hie air to "course" down one drift oai.4 m.^ yaa tAliar fat 
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their whole length, as will be further descrihed in the 
chapter on "Ventilation," 

It is often posaiblc, even when the aoam ia considerably 
inclined, to drive these main roads in such a direction as 
to result in a Blopo towards the shaft of about 1 in 130 to 
1 in 200, which does not greatly differ from the Cornish 
miners practice of allowing half an inch per fathom fall 
in the direction of the load. 

84. Shaft-PillftTB.— The fii^t portion of the main road 
is cut only a few feet wide, so as to leave as much aa 
possible of the seam imdiaturbed around the ahaffc to fonn 
a "flhaft-pillar." The shaft-pillar will be from 40 to 80 
yards square, according to the depth from surface, and in 
veiy deep mines may be much more than this. 

Farther on the drifts are enlarged into galleries of 
10 feet, 12 feet, or even mere, in width, and from 6 to 9 
feet high. It will genei'ally happen that one of the drifts 
■will be at a somewhat lower level than the other, thia 
will form the "di-ain" or "Watergate," and will serve to 
convey the dimnage of the whole mine to the sump, from 
whence it will be raised to the aui-face by the pumping 
engine. 

85. PackwallB. — A wall of coal is usually left between 
the main drifts, as nh-eady mentioned, but occasionally 
thia is removed and the drifts are kept open by walls 
of debris known as " packwalls," as shown in fig. 73. 
Frequently, however, the debris is too weak or rotten to 
be used for this purpose. 

86. Walling of the Drifts,— "Whenever the main drifts 
are not through the coal itself, and occasionally even when 
this is the case, some special support of timber or other- 
wise is necessary to keep them open. When the debris 
is not strong enough to be used as a packwall, walling of 
masonry is resorted to, especially where good building 
atone or brick is available. An excellent mode of sup- 
porting main drifts at crossings, or other important places, 

■.'is by means of an ai-ch of brick or stone resting u[>on an 
jbvBiied ai^ below. £]!.COpt.ra.%^a£c>!&^ias%,'^^w»sx^ 



76 PniSCIPLES OF COAL MIKINQ. 

of coal are rarely aa thick as the reqim-ed height of the 
main drifts, so that it is us\ial!y necessary to cut away 
part of the 0Terl3riiig or imderlying rocks — tlie "roof" 
or the "thill" — sometimes one, sornetimes the other, 
as circumstances may indicate. In the rai-e cases when 
the seam is thicker than the height of the drift, as in the 
case of the great five fathom seam in South Stafibrdshire, 
part of the coal is left to fonn the roof of the drift. 

87. Cost of Arching. — The coat per fathom of ai-ching 
a drift with bricks, when the bricks are made on the spot, 
is somewhat as follows — say for a drift 8 ft. wide and 7 ft, 
high (the cost of a smaller or lower level will be propor- 
tionately leas) ; the walling and arch to be " one brick 
thick," laid in. lime mortar, and well rammed behind 5 '" ' 

1500 bricka at 20a. per tliouaond, ■ - - 1 10 i 

Limo, 2GWt, at ai, 1' 

Sand, 6 EH-t. fttsa, 1 

Labour in laying hricka imd pugging behind, - 10 

£2 2 6 

If the floor be formed by an inverted arch, the cost will 
bo about one-tliii-d more. Occaaionatly, arching of ''half 
a brick " thick will suffice, when the cost will be about 
two-fifths less. Tlie above calculation includes nothing 
for the wooden " mould board " or " centering," which is 
used again and again for the whole length of the drift. 
As a iTile, arching with stone will bo from one-third to 
one-half more expensive than brick arcliing. 

88, Mode of Arcliing^ a Drift— The ground is first cut 
away somewhat larger tlian the intended drift. For 
permanent work the beat mode is to build up the sides to 
the commencement of the turu of the arch, filling in behind 
as the work progresses, A wooden frame or centering, the 
shape of the intended arch, is then brought forward, about 
the length of a brick, and the arch constructed upon it 
and filled in above by gentle ramming. In half an hour 
v so, the centering may be advanceii, and anotXicv lo-s (A 
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^Bbrick placed; bo praceeding and fallowing the advanoQ of 
^^Hbe excavators until tlio wLole drift is completed. 
^^F 89. Timbeiing of DliftB. — In many coses, where main 
^^ drifts require support, some system of tiinljering is resorted 
to. A very excellent mode of timbering drifts, when they 
are not too wide, or when the roof is tolerably strong, is 
that shown iu fig. 63. It is composed of strong " paira," 
"frames," or "seta," abc, which are backed up by "hack- 
ing deals " or " laths," as at ti e. The bottom portions of 
the sets at c, often called " atretchera," Herve as sleepers 
upon which the tram-raila may be conveniently fastened. 
90. Coat of Ifaia LevelB. — This will greatly vary under 
different conditions. The following actiuil examples which 
came under the notice of the writer will give some idea of 



>. 1. South Walea, 1873. 6 ft. liigh and G ft. wide; 3 ft. in 
cosl and 3 ft. in soft eliala or clift forming the roof of tliu 
drift. Price paid 12s. 6d. per yard; Sa. IJd per ton of coal 
got out in driving, in a condition fit fur sale, and 3a. for 
putting in each "pair" or "set" of timber. 

[ Ko. 2. South StaffordsliirB, 1872. Heading, 9 ft. wide, 6 ft. C in. 
high; coal, 4 ft. ; underclay, 1 ft ; the remaining 1 it, G in. in 
■bale forming the roof. Price paid, SSa. per fathom, and 
2b. 6d. per ton of coal. 

i Vo. 3. North of England, 1S73. Drift 7 ft. high 9 ft. wide; seam 
of coal 2 ft. 6 in. ; roof of soft sandy ahale for the remaining 
4 f t. G in., no timbering required; 32s. per fathom. 

91. Trial Borisg:8 against old Wastes.— ^We hare, in 
I Chap. IV., described in detail the mode of cairying out 
1 vertical trial borings for the purpose of proving the strata 
before sinking. Sometimes it is necessaiy to bore hori- 
zontally in advance of the workings, especially when main 
headings are being driven from new shafta towards old 
wastes of adjoining collieries filled with water. A very 
light form of rod is sufficient for this purpose, and the 
chisel should not exceed 1^" to IJ" diameter. A modi- 
fication of the diamond di-ill, which penetrates by rotation 
instead of by percussion, is probably the best poaaible 
"Tnode of oarrj-Ing out such works. 
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The safest way to prove an old waste ia to ccaameoeo 
a pair of narrow drifts, ou!y juat wide enough to work in, 
and not more than 5 yards apart, as shown in fig. 72 at 
cc, dd, and communicating with each other at intervals 
by cross-diifta ee, A trial borehole should be kept in 
advance of each as at a a, and at every 10 yards or so, 



1 




I'b 12. 
flankliolea h b should be bored, Jf the wastes are known 
to bo large, and especially at a great depth from the 
Burfacc, the work should be carried out with the ntraoat 
possible precaution. The holes should be deeper, i.e., 
further in advance, in proportion to the depth Irom. 
surface and consequent pressure to be encountered. The 
table given in the next pai'agi-aph shows the proper 
distances in advance for difierent depths — a moderately 
hard seam, being supposed, and a bole of 1^ inches 
diameter. In hard ground the borings may be much 
shorter, and in tender ground the distances given are 
scarcely sufficient. 

B2. Quantity ofWater from Boreholes.— This is very 
considerable at times, especially when tlie depth from 
surface is great. Thus, at the Towneley CoUieiy, the 
"five quarter seam," a bole 25 ft. long (deep) and li inches 
diameter, under a pressure of only 66 ft. discharged 12S 
gallons per minute. Another hole in the Towneley seam 
at the same colliery, 11 ft. long IJ diameter, yielded 
140 gallons per minute. The annexed table gives the 
safe lengths of boreholes when in moderate ground. 
Depth from enrface in fathoms, 5 10 IS 20 23 30 50 75 100 
Lengthof hole in advance, in yds., 6 7 B 10 11 15 20 25 
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83. Seonrity of the Explorerfl. — WiiBii tlie waste ia 
reached and the water begins to flow, it sometimea doea 
ao with tlangoroua rapidity. It may he necessary to plug 
tJio holes for a time, until the tools and appliances ara 
cleared away and the pumping arrangements are com- 
pleted. For this purpose, long taper plugs of fir wood 
must always he kept in reodiaesa when such works are 
going on. These should be fiTsm 4 to 6 ft. long, gently 
tapered, and hooped with iron at the head to prevent I 
them from splittmg whon they are driven into the hole. .1 
If the water should issue with violence it may be neces- 1 
Ltoiy to fasten a cross-piece to the plug near its head, I 
■ vhich may bo held by two men, and the plug thus forced I 
Into the hole so as to atop tho flow until an-angem 
IT carrying away the water are completed. 
94. ItamB. — Sometimes the waste having bi^en dis- 1 
ired ia simply dammed up, but it will always be much I 
r to lay it diy by pumping. It is, however, fi-equently I 
necessary to construct dams underground to keep back T 
flows of water, which would need a constant expenditure 1 
of pumping power. We will, therefore, describe the conr- I 
Btraction of some of the dams in common use. 

96. The Frame Dam. — Tig. 73 plan, and fig. 74 eleva-^J 
tion, is constructed as follows ; — Xhe space for its reception. M 
ia first sheared back by picks or wedges to tlie required J 
form, toUfiout blasting, which would be liable to shake the ] 
rock and make the strata around the dam leaky. 
the same reason it ia important to select a positioi 
which the rocks are undisturbed by faults, dips, or other ' 
irregulaiitiea. A number of balks of fir wood are then 
carefully dressed to a square form and tapering towards 
one end, as shown in the figiu'e. The amount of taper 
will of course depend upon tho radius of the sweep of the 
dam. The pieces may be dressed and fitted together at 
surface into the form of the required dam imdergrounci, 
and numbered before being taken down. According to 
^tihe pressure to be resisted and the ai-ea of tho dam, the 
^^BOeces will bo required longer or shorter, hut a. dss^si. ^ J 
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the dunensions gn en in the figiu-o will stand almo3t«ayl 
pi'es 




Fig. 74— I'bamb Dam, Elovation. ScaU i in. = 1 It 
While the dam "is being put in, it will be necessary to 
insert several strong metal tubes, and to fit the tapered 
beams to the outside of these. Near the bottom is one — 
a, 5" or 6" diameter, large enough to allow the feeder of 
■water to pass throiigh, the second J, about 18" diameter, 
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JBr large enough for the ingress auJ egress o£ the -woi-k- 
■inan, wtd a third about 1" diameter is sometimeiS placed 
r near the top to allow of the escape of gas. 

96. Fixing the Dam in Place. — All the materiaU 
boing ready, the workmen huild up the dam in its place; 
first covering its seat and widls with a thick layer o( 
tarred flannel. Tlie feeder of water is then conveyed by 
wooden pipes, "boses," or "laim.derB," to the inner aide of tha 
lower pipe, through which it flows, leaving the whole hack 
end of the dam diy. Wedges of fir 12' long, 2' or 3" wide, 
and 1' thick at the head, are theo forcibly driven in from 
the back, between the timbers, commencing at the bottom 
and working upwards until no more c&n be driven in. A. 
plug is then driven into the lower pipe, and the men come 
out through the lai'ge one di'awing a plug in after them 
there also. 

The dam is constructed of thoroughly dry timher, and 
the swelling of this, as it becomes wet, together with the 
wedging behind, genei-ally suffices to make it perfectly 
tight. Sometimes, however, the pressure ia so great 
that the whole dam ia forced forwai-d, and to provide 
for this the seat is continued forward, as shown in the 

97. Dams of Masonry. — Sometimes dams are con- 
^ Btructcd of brick or stone, and buUt up in much the same 

s that just described. For slight purposes, dania 
fcjnay he built up of a double series of balks of timber 
■placed crosswige, the ends resting in a recess cut for theii' 
■ Teception, and the space between puddled in with clay, 
r Such a construction, however, ia only suitable ivhen the 
pressure of water ja not great. 
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CHAPTER IX 

MODES OF WlSyitSa THE COAIb 

98. The main headings being opened up, the process of 
"winning" the coal may be commenced. Thia is done in 
many different ■ways, tho chief of which are known as 
"post and stall," "square work," and "long-wall," wia- 
ninga. These we sball now briefly describe. 

99. Post and Stall Work.— This is the most common 
mode in the Newcastle coal-field, and waa formerly the 
only method adopted in that district. It may be described 
as a series of parallel levels or " bords " separated from 
each other by thick masses of the coal, which are left 
standing for a time to support the roof, as shown in fig. 75. 
These again are crossed by similar drifts pai-allel to each 
other, and usually at right angles to the fii-st, so that the 
coal seam is divided into a series of rectangular pi]]ar& 
J'ormerly these pillars were left only a few yai-ds thick, 
when they soon became so much crushed by the groat 
weiglit of the rocks above aa to be almost useless for 
support, and quite worthless for fuel when subsequently 
extracted or "robbed." They are now often left in deep 
collieries as much aa 30 yards by 40 yards, or even of HtUl 
greater thickness, only a amall proportion of the coal being 
removed in the first instance, but the rest being won aa 
Hoon as possible aft«rwai'Js. 

100. Bobbing the PillaiB. — When these different seta 
of drifts have been completed in any one part of the mine, 
the next operation is to "rob" the pillars by cutting them 
away successively, somewhat as shown in fig. 76. HiQ 
i-oof ia suppoi-ted by props of wood or metal while thesa 
pillars are being removed, and these props are taken out 
by the men last of all, as they work back towards tha 
" ftir-conrsea," or towards the shaft. Of course this is a 
work of danger, as tbe roof is liable to fall upon and crush 
the men. The danger ia often increased hy their own 
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a ■working with the props tflo far apart, to 
Eave themselves trouble in fixing. In mofit post and stall 
workings a considerahle proportion of the props are lost 
by the rooj falling in, or by the QiAll "creeping" up before 
they can be got out. Many other modifications of post 
and stall work are in existence, but that just described 
mil eerre to indicate the chief peculiarities of this mode 
of working. 



uftlil 



liiiil 



Pig. 76.— SHowiNa Modh or ItoaoviNfl Fiu.abs. 
101. Square Woik. — The mode kaown as " Bqiiare 

work" is shown in fig. 77, which, with the accompanying 
dt^Giiption, is iaken 
ftom Mr. Smyth's valu- 
able work oa Coal avtd 
Coat Mining. It ia » 
dangerous and wasteful 
mode and but little used 
except in working ths 
famous Dudley "thick" 
or 10 yards" seam. ■ 
"The shafts are sunk 
to the bottom of the 

^e seam, anil a mainway, 

■DT II . r ^ ,L the cate-road,' is car- 

et iillara t air vaj frtiu iliirt ,-= ,. ', , 

nedforward mthelowor 
coals Tentilated by means of a separate aii--hend or drift 
of \ ery small dimensions opened in the coal also, at a few 
feet on one bide of or above the gatg-road. From thia 





EQTJARE WOSlK. 85 

j latter the main wortiugR, called 'sides of work,' are opened 
I in tlio form of a square or piu-aUelogram 50 yards in the 
I side or more, ajid shut off by a rib of coal 7 or 8 yards 
[ thick at the least, from all other ■workings, except at the 
e by a narrow 'holfc-hole,'" 
Driying out in. the lower coals and gradually rising to 
tiie higher ones, the colliers open stails of G to 8 or 10 
yard's wide, forward and across, so as to leave square 
pillara, genei-ally 9 or 10 yai-da in the side, and whenever 
the unsoundness of coal or roof appears to require it, 
sparing additional supports of coal in "men-of-wai-," 3 or 
i yards square. 

The men get at the upper divLiions of the seam by 
1 the slack and coal already cut, or on light 
So ordinary timbering can bo used to 
support so high a roof, nor can the eye in these vast 
and niurky chambers easily detect when special danger 
threatens overhead ; but the sense of hearing comes 
valuably into play, and a sharp ear often catehes the 
preliminary orackling which indicates the approach of a 
fiUl. Hevertheleaa, the work is the most dangerous in 
which the collier can be engaged; and no mode of getting 
th ii coal with a less serious destruction of life has been 
devised, except that of working it in two "lifts," by the 
long-wall method, which, in spite of much opposition, 
appears at a few works to have stood siiccesafully the 
result of many years' practice. 

The pillars in the "square work" are often, in conclit- 
sion, thinned to a smaUcr size, and when at length the 
roof begins to break in, tho side of work is abandoned, 
a dam is put into the bolt-hole, and thus the air ia ex- 
cluded from the heaps of waste small eoal, and the crush 
. prevented by the ribs from extending to other parts of 
L the pit. 

"It scarcely needs to be added, that although after the 
I first working, operations may bo set on foot for gecting the 
I Tibsandpillurs, much of the coa! is so crushed or 'fremded' 
a to be of littla use. Ths wa&to (A sniaa *&issvis»»&a 'S. 
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tons of ooal per acre, and the great sacrifice of human life 
in the procesa, lead one to contemplate with, no prido or 
Batiafiiction our mid-EngUsli working of the finest seam 
of coal in Europe." * 

103. Long-wall Working,— The !ong-waJl mode is 
Bometimes earned out hy commencing at once near the 
shaft-pillar and working away the whole of the coal, 
leaving only "goaf" or "gob" behind, and supporting 
the necessary roads through it by masoniy or packwall& 
This mode is shown in the upper part of fig. T8. 




At other times the roa la are at once driven ont to the 
bo ndary of the royalty and the coal worked back in the 
long "face" or "waU," as shown m the lower part of the 
fig. The various modifications of the long-wall method 
are much approved by modern colliery engineers, and 
adopted in many of the largest and deepest collier 
,• Smyth's Coal and Coal Mining, pages I37-13S. 



33. JHH 
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rthe North of England and S. Wales. A croaa-Beotioii of 
long-wall ■working is given in fig. 71, which shows the 
process of " holing" the coal. * 
103. Goaf. — The part from which the coal has heen 
wholly removed, is called the "goaf" or "gob," and this 
is of course in communication, more or leKS direct, with 
the parts where the men are still working. It soon 
hecoaies, in gi-eat part, filled up by the deposition of 
rubbish, and especially by the rising of the thill and the. 
sinking of the roo^ but enough space is left to allow of 

I very daJigeroua accumulations of inflammable gas or fire- 
damp, and this has been the source of many of the most 
disBstivua explosions. It is to guard against such explo- 
sions that "aafety-lamps" have been introduced. These 
will be described in the chapter on Ventilation. 
101. Fiodnotion of Round Coal and Slaclc — The coal, 
by whatever method it is worked, is always got out as 
much as possible in blocks of fair size, often caUed "round 
coal." A "hole" or channel is cut along the face in the 
lower part of the seam by means of a long double-headed 
pick, called a holing-pick, and the coal is broken down by 
wedges, or, when tender, falls by its own weight. Except in 
the case of the hard anthracitic coals of South Wales, blast- 
ing is seldom resorted to, not only on account of the great 
danger from explosion of fire-damp, but also because the 

I concussions would too much fracture the coal, and produce 
too large a proportion of "slack." This slack often, even 
now, amounts to one-third of the whole. It was formerly 
worthless, but is now frequently worked up into coke or 
into patent fuel. Of course, in sinking the shaft, in the 
first instance, blasting ia very generally required. The 
laborious process of holing ia shown in fig. 71, 
Several machines have been invented to perform thi^ 
work, some of which work remarkably well, and will, no 
doubt, make their way in time. 

Beds'of iron ora which occur interstratified with the coal 

measures are worked much in the same wayns thecoal itaetf. 

^H' * From Smyth's Cual and Coal JUiimg, p. 139. 
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DSDERCaOCNT) HAULAGE. ' ' 

106. Distance of main RoUey-wajB from Workiii^ 

filCes. — In well aiTanfjed colJieriea the iiistitiic« of the 
working faces from tlie Trmin roads or rolley-waya rarely 
exceeds 30 or 40 yards, and in often muck less, A coJt- 
aiderablo ooonomy results from tliia practice, dnoe the 
rolley-ways arc usually laid with tram-rails or tram-plates, 
npOQ which tram-waggons or tubs aro kept numing, while 
the oommunicfttiona from the working faces are mostly 
r»rrowandirregnlar,iiecesHitatiiig the use of "sleds," wheel- 
burrows, or other expensive modes of conveyance. It is 
important, however, so to arrange the general plan of 
working, that no oxceas of rolley-wajs may be required 
sinco thcBo aro among tlio moat expenaive of imderground 
works. Coud plana of working are shown in figs, 75 
nncl 78. 

106. Inolination of Eolley-ways.— Where the tuba 
have to bo pulled by manual labour, a downward inclina- 
tion of J to 3 inchoa per fathom will be found moat 
economical; with less than this the labour of haulage of 
thu full tuba will be too great, and with more it will 
ho diflloult to bring back the empty tuba. Where the 
inolination is considerably greater than that juat stated, 
it will he necosaaiy to employ horses to bring hack the 
empties, or elae to arrange on endless rope working round 
a drum HO that the weight of the descending filled tuba 
may aid in pulling back the ompty ones. The drum may 
bo moved by horso, water, or steam power; but where 
the inclination of the road ia great, tbe weight of the 
loaded tubs themselves wUl be more than sufficient, and it 
may bo nocesaary to I'Ogulato their descent by powerful 
bmJces. 
I 107. Tram-TOadB. — Vaiious forma of mil are used in 
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different diatricta, some of which nre shown ia fig. 7d. 
The " bridge rail," shown in. full-sized section iii lig. 80, 
is very useful and durable when made of good iron. Its 
freight ia about 14 lbs, per lineal yard. These bridge rails 
are fastened by means of flat-headed 2" nails to wooden 
sleepers placed longitudinally or ti-ansversely, Fir battens 
7" wide and 2" thick, are well suited for such work, and 
form a very durable and economical road when well laid 
and packed underneath. The whole cost of auch a tram- 
road, 3 ft, wide, will be from 3s. to 4a. 6d. per yard, 
accoi'ding to the price of ii-on and timber. The rails 
are laid to many different guages, hut 36" apart will 
te found a very convenient distance for most pui-poses. 



me^ti 



:l..:/V. 



I 



Fig, so.— Liuni liKiDGB Pl-iii., I\ill-oi/i:J .■jootion. 
fl08. Tubs. — Convenient forma of tubs for undergi'ound 
shown in figa. 81, 82, and those, if made of 
IJ" deal or f oak plank, bound with iron ^ of an inch 
thick, and with light wheels and axles, need not weigh 
more than 3 cwt,, and will hold from 8 to 10 cwt, of coal.' 
The coat should not exceed £4= or £5. 

Some tubs are made with a revolving swivel fi'amo 
placed between the bottom frame a andthfibQ-s.t,'ssAiiRf 
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vhat Hie tlie " under-carriags " of a four-wheeled chalaa. 
This adds from 25a. to 40h. to the cost, but enables tho 
tubs to be readily "tipped" in any dii-ection. "Where the 
roads are ncai-ly straight, the wheels may be fixed to the 
axles, but where thei-e ai-e nmueroua curves it will be 
better to leave them looso atitl give theiu A'' or more 
"play" upon them. In Hiicli cases, kIho, the wliee 
be placed as close as posaiblo toijothev. 




' Fig. 82.— Colliery Tdd. S^,:k I m.=4ft. 
,,109. Cost of Hauling. — When the road is good, the 
level high, and the ventUation sufficient, the coat of hauling 
or "puttiug" underground will not be very much greater 
than at surface, say by maoual labour, from 3d. to 4d. per 
ton for 300 or 400 yards. With bad roads or low diifta 
the cost may be two or three times this aiuDunt, and in 
HOme oases even five times as much. 

In many cases, where the distances are considerable, tho 
hauling is done by donkeys, ponies, or horses, when the 
oast will Tiaually be less tlian half, if a small boy be em 
ployed to diive, and the hoi-se be kept fully at work 
The cost may often be still further largely induced by 
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HuHmi a steam esgine, if the quantity to be moved i 
■large. 

110. Inclined Planes. — ^When the coal has to be broughn 
p-hill, the best morle will be to use & wire rope attache ' 
I the tubs, and passed oyer a winding drum or oi 
fowler's "clip pnlleys." If the road be tolerably si 
Hie empty tubs, on going down, will take up the slack o 
the rope, and, to some extent, assist in i-aising the ner 
I fiill tub. If the road be horizontal thia I'eault will no6l 
¥ he attained, and it will be necessai'y to use an endless rop9i^ 
I passing round a sheave at top and bottom, or else to employ 
la smaller "tail rope" of ^" circumference, so as to ham 
I the empties down again. The endless rope method may 
' 3 be used on level roads where they axe sufficiently 
straight. 

One of the most economically worked inclined plan 
the United Kingdom isat Shii'e-oak Colliery in Nottinghai 
It is 800 yai'da long, with a gradient of 1 in 61' 
LBmall engine with two 12" cylinders of 24" stroke, c 
k Powler's clip-drum, 4 ft. diameter, to make 80 revoltt- 
tions per minuto, by whicfi a train of 25 tubs is broughi 
hup at a Bjieed of 8 to 10 miles ]ier hour. The avei-age 
Bbost is about Id. per ton, including all matenals and! 



CHAPTER Xr. 

HAULAQK lie SnAFTS. 

Ill, WiadlaSS, etc. — In Rmall collieriea, the -windloalfl 
': gin, already described {Chap. VII.), may suffice fo»^ 
ising the cool to surface, in which case it is ' 

' e working faces in wheel-barrows or baskets, a 
a. corves like fig. 68, or kibbles like fig. 64, or soi 
,r contrivance. In large works, some more powerfulB 
ungement is necessaiy. 
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lliJ. Water Wheels. — It ia not often that water wteela 

aro nrrftTigeil fov hauling purposes, althoiigli in some 
iiistancoa they Lavo been used with excellent effect. The 
only peculiarity is the application of aiiitahlo gear for 
reversing or stopping the motion. There is no gpeat 
difficulty in this; but the inconvenience ia sufficient to 
prevent tlieir extended use for sucii a piirpose in shallow 
mines, and in deep mines a sufficiency of water power is 
rarely available, and what there is may be often more 
ftdvantageonsly used for pumping. We shall, therefore, 
reserve our remarks upon water wheels for the chapter oa 
puni pin g machinery . 

113. Water-balanCft — In many of the open works on 
tliB northern side of the great co£d basin of South Wales, 
wtttiir-biilance machines are largely used for winding 

Surjioaes, and for mines of not more than 100 fathoms 
(loiij in a district affording a good supply of water, and 
f«o drainage by means of adita, they mijy be highly reoom- 
mouJud, Sometimes they are used when there is no 
drainage, the water being pumped up from the bottom by 
an engine, but this is not to be recommended. In some 
oaaea the machines are placed at different levels, so that tho 
Bame water is used five or six times, over as many succea- 
■ivo lifts. The tram, containing from 12 to 20 cwt., is 
plaooil in a cage over an empty water bucket, and the 
empty tmm on a similar bucket at the top. Water ia 
then maile to ilow into the upper bucket until its weight 
is great enough to cause it to descend, so raising the filled 
tram. On the arrival of the full bucket at the bottom of 
its fall, a self-acting valve opens and the water is dis- 
charged, ao allowing the pi-ocesa to be repeated. The 
buckets are made of J" boiler plate, circular in form, and 
gome hold more than 2 tons of water. The landing chain 
is balanced by a chain which hangs below each bucket, 
and guide chains are used to keep the bueketa from strik- 
ing each other when the shafts are not divided. A speed 
of 300 to 400 feet per minute is eaaUy attained by this 
machine, and the total coat of raising stuff is about IJd. 




r ton per 50 fathoms. For great deptlis the weigh* I 
i of the neccssaiy machinery becomes so gi-eat that thfi.l 
I economy is reduced or disappears. Somewhat similar I 
(nachinea are in use in some of the iron mines of CumbeP- 1 
md and elsewhere. 
114. Hanlilig in CagflB.— In thebestmodeofworkingj 
[" extensive collieries, the tubs, aa they reach the shaft, arel 
run directly into "chairs" or "cages" ofoneormore stages 
as shown in fig, S3. Theao are made of iron or steel, a 
light OS possible, consistently with sufficient strength^fl 
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Fig. 83. Scale, 6 ft. =1 iu. 

The general form is evident fi'om the sketch, but wo 

iave not sufficient apace at disposal to give details. 

6 weight will be from 5 or 6 cwt., for a single tub, to 

3 ton or more for four tubs. Cages holding eight tuba 

e used in some parts of Belgium weighing little over a 

lis. GnideB. — The cages wort between guides of fir 
Pwood nailed to huntona, wliich are cross-pieces fixed 
across the pit at intervals. When the pit is vertical, as ia 
usually the case, these need not be more than i" x 3", and 
the total coat not more than 12s. \q 15g. per fathom, 
including fixings. Sometimes iron guides are used, wheq 
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' 116. Speed of WindlDg. — The use of goidea has enabled' 
the collieiy pi-oprietore largely to increase the output from 
each pit hy increasing the speed of winding, 
the chief pits of the United Kingdom, the average rate is 
no less than 1400 ft. per minute, and the maximum rate at 
Dukinfield 1600 ft. This ia nearly Eve times aa rapid as 
the usual rate in the tin mines of Cornwall. In the 
Navigation Pit at Aberdare, the weight raised, of a 
coal, rope, eto., is about 9 tons. 

117. Landing the Tubs.— The cage is lifted a little 
aboFe the level of the bankj and then allowed to fall back 
upon the "keeps." Tbia is a kind of skeleton platform, 
counterbalanced by levers, wliicb are raised by the ascend- 
ing cage, and fall back by their own weight. The 
tuba are then rapidly run out by men in waiting, other 
empty tiiba are run in, and the cage rises wLile the 
" keeps " are withdrawn, and then rapidly descends. 
When the cage has two or more decks, much time is 
saved by having a landing stage at each level. 

118. Shaft Partings, — The winding shaft often serves 
as a pumping shaft also, in which case that portion con 
tainiug the column of pumps ia separated fi-om those ii 
which the cages run, as in fig. 84, and these are tJaa 
Bometimes separated from each other, 

119. Safety Catch. — Sometimes the cages are fitted with 
safety catches which are intended to prevent the fall of the 
cage in case of the ropes breaking. One very convenient 
form of this contrivance coiisists of a strong spring which 
serves as the connectioa between the rope and the cage. 
The weight of the loaded cage keeps this spring bent, but 
if the rope should break it is at once relaxed, and, by ita 
recoil, sets free some strong teeth, which immediately 
force themselves into the shaft railway or gnides, and so 
keep the cage from falling. But all such contrivances 
aie liable to get out of order unless constantly watched; 
and, as it ia diMcult to induce men to prepare for a danger 
which seems very remote, many practical miners prefer 
to do without all such anolianccs. and to trust entirely 
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to the perfection of the rope, which is constantly 
under the inspeotioa of the manager or his appointed 




rig. Si. — a, a. Pumps; h, o, pftrcicgfl; c, c, gnides; d, d, cagei. 
120. BopeB. — For shallow pits chain or hemp rope may 
ie used with gi-cat pi-opiiety, becaiise of the facility wifji 
I which it may be coiled round amoll boiTels or drums, 
I but for considei-ahle depths, and especially whei-e great 
weights LaTO to be lifted, the use of wire rope in soma 
form ia both safer and much more economical — and is, 
indeed, now almost universally used. Wire ropes may 
be either round or flat, of iron-wire or Eteel, For round 
irou-wii-e ropes drums of less than 12 feet should never 
be used; for flat ropea and ropes of eteel- wire some- 

Iwhat smaller drums mLiy he used, hut are not to be recom- 
inonded in general . 
121. Strength of Ropes and Chains.— The following 
tables of tlie equivalent working strengths of chain, hemp 
rope, iron-wire rope, and steel-wix-e to\>c^ will be uaefoJ. to 
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the yonng student, They all refer to material of beat 

quality.* 

Table 1,— Weioht and Sthksgth ov Chains. 

Dittmoter of Iron, Ani-t Hii'i 4ft i"- 

Weight per Fathom,.... 54 Iba., 28 Iba., 49 Iba. 

Working Load, 24 cwt., Glcwt., 120 cwt. 

Table 2.— WEianT Atro Sthesoth op Good Hemp Rorr. 

Circnmfcrence, Si in.., Sin,, 12 in. 

Weight per Fatbom, .... 7 lbs., IG ITis., 36 lbs. 

Worlds Load wMlB I ^imt., 54 cwt, 120 cwt 
Breaking Stiain, 8 tons, ISfama, 40 tons. 

Table 3.— Weight and Strbhotb oe Ieon-wiek Kopb, 

Circumference, 2i in., Sgin., 4g in. 

Weight per Fathom 4 Iba., 9 Iba., 20 lbs. 

Working LoaJ. 2+ ewt., 54twt., 120 cwt. 

Brcakiug Strain, 8 tona, IS tons, 40 tous. 

Table 4. — Weight and Btebnoth or Stbkl-wire Rope. 

CircamEerence, IJia., S| in., 3} in. " 

■Weight per Fathom, .... 2i Iba., 6i Iba., 12 Iba. 

WoAing l/oad, 24 cwt., 54 cwt., 120 cwt. 

Eroaking Stcoin 8 tona, 18 tona, 40 tona. 

122. Safe Working Loads. — Aa sLown iu the tables a 
very large allowance of strengtb ia made for safe working, 
the working load being taken at lesa than one-sixth of the 
ultimate strength. With hemp rope and chains a still 
greater allowance should he made on account of the 
impeifeetion of material and workmanship to which they 
are specially liahle. A large allowance must be made, 
too, for the strain due to the extra pull in starting. 
Sometimes this is partly relieved by mounting the bear- 
ings of the winding pulley or drum upon springa, but 
even when thia ia done the extra etrain will be veiy 
considerable. 

* Very complota tables of equivalent strengths ate givea ii) 
Mulesworth's Foehet-book of En'jiiKer'm'j Formulce, 
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[i 123. Weight of Winding Gear.— The weight of the I 
rope itself niuat be taken into account when 1 
tway cousidorahle length is used, and this too will be 1 
luch greater with chain or hem]) rope thaji with wire ] 
e. Indeed, for deep pits the iise of chain would I 
forbiddea hj thia consideration alone, as a chai 
>iof 300 fathoms long, capable of working with a load J 
of 2i cwt., would itself weigh nearly oue ton, wh." 
Hteel-wire rope of the same etrongth would weigh only 
750 lbs. 

At the Navigation Pit, Abcrdare, the total weight of I 
.«age, load, and wire rope, is no leas than 9 tons, the rope, 
of round steel wire 2" diameter, alone weighing about a I 
The depth is 360 yards. More than 500 tons of | 
coal are often drawn from thja pit in a single day, the cage' J 
being made to carry two tubs at a time each holding mora | 
than one ton. 

To relieve the winding-engine, and to enable it to O' 
come the weight of a long length of rope, the size of the 
drum is made to vary, or the speed of winding at first is 
reduced. This may be elfected either by using a conical 
winding dmm, or by using a flat rope and causing it to 
wind upon itself. 

124. Over-winding — To prevent accidents from i 
winding, which are sometimes very disastrous, it is usual to 
attach some visible mark to the rope at a known distance 
&om the cage. The banksman, keeping his eye upon this, ] 
knows as soon as it comes in sight that he must prepare 
to check the ascent of the cage by stopping the engine or J 
tutting on the brake. Sometimes the rope itself is made ] 
ring a hell as it lises to a given point, and frequently J 
sre is in the engine-house a sort of reduced model i^ I 
} shaft showing the exact position of the cage at any 
given moment Several ingenious forms of indicator 
have also been duvised, but we cannot aiford space to 
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126. Walker's Patent Hook.— When all possible . 
taken, accidents from over-winding may still wnsi&'»sas» , 
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happen. To render such accidenta harmless in the fiitnre, 
Mr. Walker of Cleveland, 
has mveiited the self-detach- 
ing hook shown in fig. 85. 
W hen this b used, should the 
kibble, wliich hangs to the 
ring B, be carelessly raised 
too high, the arms E E are 
drawn up through the ring 
K, which is fised firmly to a 
beam of wood M M across 
the shaft the jawa FF are 
opened, the rope L is liber- 
ated, the weight IS taken up 
by the catches & G, and the 
rope goes over tho pulley 
■njthout iDjiity 

126 Coat of Winding.— 
"With a aufcciently poworfnl 
engine, a good pair of cages, 
tight tubs, guides in good 
oi-der, an intelligent engine- 
man, and perfect arrange- 
ments for filling and empty- 
ing above and below, bo that there may be no loss of 
lime, the cost of winding from deep pits will nob exceed 
|d. per 100 fathoms. 

137. Hauling from Deep Mines. — Many forms of 
engine ai-o used for hauling coal from deep mines, the 
principal being Boulton its Watt's double-acting rotatory 
beam engine, and the horizontal engine. The economical 
and convenient working of all the different forms dependa 
mainly upon their general proportion and construction ; 
hut, on the whole, it may be said that beam engines ara 
the more durable, and horizontal engines the more (Xio- 
venient. . - 1 

128. Horizontal Engines. — A cheap and durable hori- 
eontal engine, made by Messrs. Tangye of Birmingham, ia 
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I shown in fig, 86. These engines are made in all sizes ynth 
or without special expansion valves, and winding gear is 
very i-eadily attached to them. A pair of large-sized 
engines of this class, working cranks at right angles 
on the same shaft, with a winding-drum between, and 
fitted with expansion valyes, frictiou brakes, aud reversing 
gear, working with steam of CO lbs. pressure, abundant 
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' toiler power, and a good condenser, leave nothing to he 
desired either for economy or efficiency. Such an arrange- 
ment is sliown in fig. S7, A A are the cylindera, E B the 
cast-iron sides of the winding-drum, C is the crank shaft, 
.D the crank plate, E E are the cross-head guides, /is tha 
friction brake strap, working tin a double-flanged seat cast 
in the solid, g is the reversing handle, H H is the bed-p!ata 
of cast-iron , which isfirmlybolteddowntoa masonry founda- 
tion in the usual manner. Measiu Pollok and M'!Nab of 
Hyde, near Manchester, are making very convenient double- 
cylindered horizontal engines. Inoneoftheseengines lately 
completed, the cylinders are 1 6 in. diameter, with a stroke 
of 3 ft., fitted with pistons made on the coil-spiing principle, 
and with piston-rods extending through the ba^ cylinder 
covers, the latter being made of best crueible steel 3 in. in 
^ diameter. The slide-bars are made to rest with their whole 
^knuJace on the bed-plate, due atteit.i\tni\:>^^^«^^'v)'^his.«si«) 



^ 




rr.iscirLES fir f 

oilingof the slides, and forcoIlRcbngtliegritattlieotlier end. 
Extra length and 
bearing eurface 
has been given to 
the slide - blooka, 
and the croBS-head 
ends ore forked 
with double beai'^ 
mga The dmm- 
dhuft IS 9 in. dia^ 
meter with 7-in. 
necks of wrought 
iron find has a 
keyway sunk the 
whole lengthofits 
BurfaL* in order 
to £x at pleasure 
the drum-sides at 
any distance as- 
under The latter 
are made in hal 
\es, likewise of 
heavy construo- 
tion. The pedes 
tals carrying the 
drum shaft are 
inLlineJ so as to 
p throw the central 
thrust on to the 
sohd part The 
cranks are set at 
right angles to 
epch other being 
fitted with Bes 
semer steel cnmk 
pins. These en 
gmesareproiided 
with the ciuvej 
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alot-link revereing motion, worting with, double eccen- 
trics and single-slide valve. The valve -spindles are 
OMTied by a bracket between the ends of the alide-bara, 
forming one of the slide-piUars for tlie same, tte valve- 
chests being cast with the cylinders. For quick starting 
and stopping a wedge stop-valve is uaed, and the cross- 
ehaft connecting the two link motiona is airanged under- 
neath the floor-line, bo as not to be in tbe way of the 
engineer, within whose easy reach and coatrol the foot- 
lever for brake and the atop-valve handle are brought 
The brake-strap is an-anged to one drum-side, for wliich 
purpose the latter has a double-flanged seat cast on, and 
Bubsoquently turned, to ensure a pei-fett surface for the 
brake-strap. Occasionally, the same engine is made to 
do cluty in both pumping aud hauling, when a somewhat 
different an-angoment is necessary. 

139. Pulley Frames. — The rope passes from the 

winding-drum over a jiulley fixed at the top of a pulley 

L frame of wood or iron. If the winding-rope be of iron- 

■ Arire, the "fiheave" should not be less than 12 ft. diameter, 

FThe frames are from 40 to 80 ft. high. If of wood, they 

' are made of balks of American or pitch ]>iue as straight as 

possible, and from 14" to 18" square, well stayed against 

the strain with stays of somewhat smaller soctioa. In the 

best collieiies fnmies of iron are now often used, and the 

cost is not greatly in excess of the wood framea An iron 

I frame of good construction, 80 ft. high, to take a load of 

I 2^ tons, shonld not exceed 10 tons in weight. 



CHAPTEE Xir. 

PUMPIKO MAcniNEBT. 

130. AccumulationB of Water.— There are few situa- 
I tions where workings can l>e canied to any considerable 
I depth below the surfiwe witliout \».teYYQ^'<v«a.'is(«sj.'<lijR 
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accumulation of water. The surroiimKng rooks always 
contain more or less of water, wliich occupies their joints, 
fissures, or cavities. Thia rapidly accumulates wherever 
the excavations are deepest, and must be removed in order 
that the wotks may be 
earned on In some few 
«■ of the oldei and less es 
tensive colLenea tlie water 
was got nd of by adita or 
water levels but this can 
seldom be done ux modern 
coal minoa of large extent 
131 Fiuupa and Pit 
Work — In trial fihafta 
or pit sinkings or m a 
distnct already partially 
drained by eiirrounding 
mines the water may be 
raised m tubs by means 
of the wmdlisa or horae- 
gin, described in Chapter 
VII As the depth aad 
quantity of ^ater are in 
creased, howei er, this 
mode 13 found quite m 
adequate and some form 
of pump 13 necessary, 
which may bo either a 
' liftmg pump ( bucket 
BCt oi smking set ), or 
a, force pump ("plunger 
eet" or "ram"). 

ISS. Bucket Set—This 

is shown in fig. 88, where 

a IB tbe "windbore," OF 

"snore," 6 is the "door- 

itaining the valve or "clack "c (^ is the bucket with 

eis the "working bal•rel,"v^\l.v(.^i^a^!Ol;c\'l,'c'oi3 
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eylini5rical,_/'ia the first o£ the "pump3"of about 1" greater 

diameter thnn the working barrel, yis 

the ''collar-launder" or "hogger," by 

■which the stream of water ia deliveie J 

from the top of the column of pumps ; 

is the door giving access to the chick 

in the door-piece 6. The bucket d in 

drawn to a larger scale in fig. 89. Its 

valve or clack cannot be seen in tlie 

eketeh, but it ia HomGwhfl,t like fig. 90, 

■which repreaentfi the clack 6, fig. 88. 

133. The Hogger, fig. 91, is some- 
times Etihstituted for the "collar- 
launder," shown atff, fig. 88. Thia ia 
removed from time to time as tho 
sinking progresses, another length is 
atlJed to tha column of pumps, and 
the hogger replaced. The bottom end -Fig. ; 
of the pump rod is connected to the 




— BCCKBT- 

in Bucket. 
bucket-Eword by means of the clasp ti^: J*^"^^^^: 
and prongs shown iu fig. 93, A, where d, hoop of iron; e,* 
the clasp is over the joint; E, where it buoket leather. 




— Cr.ACK asdClace Seat 
a, ValvQ or clackj b, scaX 

c, guide. 

I IB removed and tho joint broken. A. and E repi-esenta 
[ slightly different forma. The Avhole arrangement is 
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I known as the "bottom rod"' and "bucket sword." The 
windbore is BometimeB hung from surface by means of two 
bars of ii-on called "ground spears," the bottom ends of 
■which are flhown in fig. 93 at a. 




, — SiHKnto 
WiStiBOEB. a, a, 
Ground Hpeara ; b, 
ivindbore ; c, wings; 
d, snore iioles. 

The (liiTerent lengtlis of [jipo, couimonly spoken of as 
"pnmiJS," are usually about 9 ft. in length, with a few 
"mfttchtng-piecea" of 3 or 6 ft. for convenience of fixing. 
They are made with simple "flanged" joints, as at a a, or 
"spigot and faucet" joints 6, fig. 9i, and bolted together 
through the flanges by six bolts or "flange-pins." They 
are cast from ^" to IJ^" thick, according to size or intended 
height of lift, with projecting ribs and brackets for strength 
aa shown. Fig. 94, A is an ordinary "pump," B is a 
"door-fieoB." 



TLUNGER SET. 

' 134. The Valves or clacks are made 

giiii-metal,covei-edwithatout ^^ 

leather or india-rubber. Tlio 

hinges work in guides, aa 

shown in fig. 90 at c, so that 

the whole valve has liberty to 

rise & few incheSj thus giving 

& large water space at tlie 

commencement of the stroke. 

Many different forms have 

been devised with the object 

of lessening the shock in 

large and high lifts. One 

of the best, known as 

"Teague's clack," is shown 

in fig. 95 in section. For 

convenience of access the 

valve-seats are fixed in 

"door-pinces," as shnwii in 

fig. 83 at o, and in fig. 

9i, B. 

186. Plunger Set.— Tlie 
set already described is well 
adapted for uso in a pit Fig.Si— TcmpandDoor-pikce. I 
wMch is in process of sinking, as additional pumps may 
be added at the top 
from time to time 
■without inconveni- 
ence or delay. If, 
however, the dejitU 
is more than 30 or 
40 fathoms the water 
is usually raised in 
two or more distinct 
lifts, the drawing lift 
delivering its water 
from tho hoggcr Fjj 
into n cistem A, 
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)6, from ■which it is forced to tlio BUTface by do 
plunger or ram a By the 
' aawnt of the plunger "pole" 
'e "case b, the water 
■^ -wliich fills the ci&tem A is 
made to nae through the wmd 
here h and clack c into the 
', H piece H "When the pole 
's the clatk c closes, 
f the water i-aisea the clatk e, 
, and pasaea upwards into the 
i pompa above. As the pole 
sea the clack e is closed, 
I, and a fresh portion 
of water passes into the H- 
p ece. The cistern ia kept full 
by tliB delivery of water from 
the top of the drawing lift by 
the collar-laxmder r, and also, 
' in many cases, by the water 
from the upper portion of the 
mine, which is led into it 
matead of being allowed to fall 
y, to the bottom of the mine; 
/ a the top pump of the draw- 
lift, and /' the bottom 
1 p of the plunger lift. The 
gcr pole a works in the 
b through a atuEBng box 
at t The mode of attaching 
the plunger pole a' and the 
. od II by means of the "glands" 
s clear from the figure^ Tha 
drawn to a larger scale ia 
la fig. 93 the whole of the H-piece with its two 
clacks is shown clearly. 

136. Bingr Cribs.— The water coming into tho shaft 
above the jjlimgcr cistern or "standing-set" is prevented 




bucket- od i to the mai 
m aud the set-ofia 
stuffing box and gland a 
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from falling to tho bottom of tho shaft by " ring cribs " 
comimimc tmg vi h the c stem These are cnl 3 onti n 
ing a fitter hoi owed out as shown a fa j, 10 t the 
shaft he ng c t hack jnat al ove The water gathers la 
the c stem b from 'nhence it is co&ilucttid to the cistern 
A of the plunger set fig 9G 
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'. 97— ^TumNO Box ASD Tig 03 ~H piece, doorpieoo, 

GLAITD TOtt Pun.QER POLB. ctO 

A,A Plunger pole a a, ita 

tDetallic surface 1 1, ataSing 

boK,c,e,gland,rf,d, space for 

hemp paddngi t,f, polo case, 

137. CorrOBive Waterfl, — SoDietimes tho water to be 
raised is of a highly con-osive nature, especially where tho 
coal or shale ia '' brassy." In such cases it is good economy 
to make the valve-seats, working-barrel, and other import- 
ant pai'ts, of gun-metal, and to lino the pmnpa with thin 
Btavea of oak or other hard wood. 
L 138. Piiinff the Pumps.— These aro laRtetfid. iiJ^'-iiss!. 
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-iritli bolts and nuts, and it is cnstomary in some districts 
toplacel)etween the flanges rings of thin iron bound rotmd 
with coarse flannel. This, when tightly screwed up, mokea 
the joints air-tight, while it does not interfere with their 
Teady separation in case of need. A better plan is to have 
the^flanges faced in a lathe, when a thin ring of tarred 
canvas or india-rubber will suffice t<i make the jm^^J 
tight. '^^ 

Ji 




TT 

Fig 09 — EiKQ Cfiin, fig. 100. 

139 lEain Rod or Spear, — This is partly shown at II, 

flg 06 In deep mines it is made of the longest and 

straighteat bilks of Noi-way or Amencan pine. The 

secondaiy rods or siiears are attached by "set offa," as 
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m tha same figui-e. The upper end i 
■hed to the outer end of the engine "beam" or "bob 
wroiight-iroa straps, secured hy holts b and cottara a, | 
as shown ia fig. 100. At intervals down the shaft catcli- 
pieoea e c are secured, and bearers fixed across dd, in order 
to take up the weight of the rods in case of a breakage, 
to prevent the whole mass of many tons weight from 
falling to the bottom of the shaft, liey also prevent tha J 
engine from making too long a sti-oke, or going too far I 
out, and so' breaking off the cylinder cover. 1 

The water is raised in the lower or drawing lift by the I 
np or "in-door" stroke of the engine, but the remaining, r 
or plunger lifts, are worked by the down or "out-door"'! 
stroke; the weight of tlie rods forcing the water up ths ■ 
column of pumps. 

This excellent mode of attaching the various "lifts" 
one main rod ia not always adopted. In some districts 1 
each set has its own main rod passing up through tha ■ 
shaft. Comparing this method with that just desci'ibed 
ill detail, Mr. Smyth says; "When tested by the work 
done for a given sum of money it conti'asts remarkably 
with the rattle and concussion, the heavy cross-beads, and 
the greater complication of rods that are often noticeable , 
in other mining regions, even though the excellent ii 
tion o£ the plunger may have been adopted."* 

140. Balance Boba.— When the mine is deep the weight J 
the rods is more than sufficient to overcome the weight ] 
the water lifted at each stroke, and the aurplna is 1 
lunterbalancod either by hydraulic an'angementa or ■ 
'eights placed at the end of a lever, A vei^ convenient ' 
mode of effecting this ia by the use of " Imlance-boba," 
placed either at surface or in chambers excavated by the 
side of the shaft underground. Thus, at Davey's engine 
at the Consolidated Copper Mines in G-wennap, Cornwall, 
the main rod was one-thii'd of a mile long, and weighed 
9d tons. The other rods weighed 40 tons, together 135 
I were required to balance the column of 
Coal and Coal ii'ming, psge 1S3. 



no 



PR1SCIPLE3 OP COAL MISINO. 



water in the piiinpa, and tii6 remn.inJTig 96 tons ■were 
baUncod^ — ^party by coiuitci'- weights, partly hy special 
hydraulic machinery. One of these balance-bobB is ahogB | 
at fig. lOi. 




Fig. 101. 

141. Crab or CapatEin. — For lowering or raising the 
heavy portion of " pit work," aa these pumping sets are 
called, u powerful crab or capstan ia fixed just outside the 
engine-house in most instances. This ia sometimes worked 
by a largo number of men, but more usually by steam 
power. 

143. Engines for Pnmping. — Many different fonaa of 
engines ai-e used for giving motion to the pumps, but the 
more important and permanent forma are oompriaed imder 
the two heads of wat«r-wheela and st«am engines, although, 
turbines and water-pressiu-e engines are used in soma 
districts. ^.r .- . 

143. Water-wheela.— For falls of water from 20 ft. np 
to 60 ft., the largo proportion of useful effect and the 
simjjJe construction of the overshot water-wheel are euffi- 



WATER WHEELS. Ill 

cient to account for its almost univeisa] adoption. To 
apply an oyershot wheel for pumping purposes little more 
is necessaiy than the attachment of a crank and connect- 
ing rod to one end of the aale. The other end of the 
connecting rod, which may be short or long, of one or 
many lints, is attached to the king-post of a, halancc-bob, 
_and a reciprocal motion is at once obtained through, the 
svolution of the crank. Sometimes the power is trans- 
nitted from the wheels to the pump rods by means of b. 
i rope, when a second balance-bob is placed on the 
toposite side of the wheel to take up the slnck and keep 
Efie rope tight. Fig. 103 shows thia arrangement. 




^H In order to get the largest proportion of work out of , 

Hb. given fall, the wheel is freqneutly made several feet 

^Hligher than the total fall. The water is then bronght 

upon the shoulder of the wheel as shown in fig. 103; the 

launder a having a little fall given to it, so that the water 

may reach the wheel with a little more velocity than that 

of the circumfereuce of the wheel itself. The wheel works 

more smoothly when dealt with in thia manner than in 

any other. The water should reach the wheel at the point 

6, which ia about 30° from the top of the wheel. The axle 

works upon bi-asses fitted into plummer blocks, which are 

mounted upon piers or "loadings" of masoniy. In all 

water-wheela the water should be brought on to the wheels 

in a thin sheet of somewhat less width than the breast of 

^Khe wheel itself; the buckets should be large e; 
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receive all the water witJiout any overflow at tte h<^, I 
and 80 curved as to hold it all until nearly at the lowest I 
point, and then to discharge it all at onoe before that part j 
of the wheel begins to rise. Fall of water may also be 
utilised by means of " breast wheels," " Poncelet wheels," 
" underahot wheels," " turbines," and " water-pressure | 
engines," hut the space at our disposal will not allow of J 
their description here. 




diTondiDgt 

144 Steam Engines —It is evident that any form of 
steam engine may be so arranged as to give an alternating 
motion to the punip rods. The forms most generally used 
are tlie Comish Pumping Engine, the Bidl Engine, the 
Lever and Crank Engine, and the Direct-acting Pumping 
Engine. 

145, The CorniBh Single-acting: Engine, in combina- 
tion with the Cornish tubular boiler and arrangement of 
flues, has proved itself superior to all its competitors for 
raising large quantities of water from gi-eat depths. This 
engine is shown in fig. 104, but we cannot afiord space to 
describe it here.* A (ine pair of engines of this type were 
erected by Messrs. Harvey & Uo. of Hayle, in Cornwall, 



rniNCiPLEa of coal utninq. 



for tho Tyne collieries in 1859. The diameter of each 
cylinder ia 100 inches, the length of stroke 11 ft., weight 



a beam 40 tons, and the total w 
neariy 200 tons. 
146. BarclaT's ^Patent Engine i 



ight of each e: 




what like a 
Coraish engine, but 
with ita mode of 
working reversed. 
The pump-rod is 
attached to the 
^T, outer end of the 

"^-Vbw. benm, and a few 
feet further in ia 
the attachment of 
the pii5ton-rod. The 
Bteam is admitted 
beneath the piston- 
rod, so raising it 
and the pump-rod 
together. The inner 
Fiff. 105.— DiAOKiM anowiNa Grnikal end of the beam ia 
Abbahobsibht of Babclav's Pompiso fixed to a ritdd Bup- 
port, as enown in 
the diagram, fig. 105, This form of engine was patented 
many yeai-a »ga by Mr. Barclay of Kilmarnock, and is 
rather extensively used in some of the old Scotch pits, 
but it is hy no means to be recommended, aa the strain 
upon the rigid support is so great. The only advantage 
appears to be a little saving in coat of buildings. 

147. Donble-aating Condensing Engine. — ^This form 
is perhaps still the most common in the North of England, 
the modeof application varying much in diflerent diatriota. 
In some collieries the old system of having a distinct main 
i-od for each set or lift of pumps ia still adopted, when 
some of these are worked with the up and some with the 
down stroke of the engine. Sometimes also ausdliaiy 
beams are employed, especially if the lifts are Ter7 
mimeroua. 
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148. Direct-acting or Bnll Engines. — These are placed 
directly over tho pit, the cylinder being inverteil and the 
piston-rod connected directly with the main rod. Tha 
cost of erection is thereby reduced, and also the first coat 
of the engine; hut the inconvenience of covering the pit'a j 
mouth more than counterbalances these adviintagea. 

149. Crank or Rotatory Engines. — These are double- 
acting engines which are usuaily supplied with heavy fly- 
TTheels. They are adapted for both pumping and winding 
or for hauling only. 

150. Horizontu Engines. — ^These are best adapted for 
hauling only, but may also bo used for pumping if the 
speed be reduced by spur-geaiing. A good farm is that 
made by Messrs. Tangye Bros, of Birmingham, -which is 
shown in fig. 86. A pair of somewhat diBerent horizontal 
engines are shown in lig. 87. 

161. Compound Engines. — In most of the engines jnst 
described the steam is worked expansively, i.e., the steam 
is admitted to the cylinder at high pressure, during a part 
only of the sti-oke, and allowed to expand for the remainder 
of the stroke. A difierent mode of working steam expan- 
sively was introduced by Arthur Woolf, many years ago, 
in Cornwall, and after being worked some time, and 
somewhat modified by Sims and otheni, was at length 
abandoned. The mode adopted was to use cylinders, one 
much larger than the other; tha small one placed some- 
times above, sometimea within, the larger. Steam at 
higt pressure was admitted to the smallest cylinder; and, 
after doing its work there, instead of being discharged to 
the condenser, was allowed to flow into the large cylinder 
where it expanded so as to fill it, at the same time pres- 
sing down the kvge piston with a certain forca The 
motion BO produced was transmitted through tha piston- 
rod to the main beam of the engine, and from there to 
the pump rods in the ordinaiy manner. 

The greater complication of two cylinders, two pietona, , 
^_aad a double set of steam passages, led to the abandon- i 
^uient of this mode of applying etes-ia esi^'ms A^''^^:^'^^ J 
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of that described in the section, but a modification of ttia 
compound engine principle ia now being introduced with 
much success for marine and atationa,i-y engines, and with 
great economy of fuel. 

162. Direct-acting Pumps. — Within the last few years 
a totally new mode of raising water from deep mines has 
been adopted in Bome districts, especially where fuel is 
cheap. The pumping engine is placed at the bottom of 
the mine, and supplied with steam through a clothed 
steam pipe, the boiler being above ground. Tha piston- 
rod of the engine has a yiiston at each encl, each woi'king 
in its own cylinder. That in the steam cylinder is moved 
backward and forward by the steam, so forcing water 
through the water cylinder or force-pump. From the 
force-pump a rising main delivers the water dii'cct to the 
adit-level or the smface, as may be neceBSaiy. As water 
ia forced by both movements of the piston, the stieant is 
almost constant instead of being intenuittent, as is the 
case with ordinary pumps, so that for a given delivery of 
water a smaller diameter of pump ia sufficient. The 
relative areas of the two pistons are varied according to 
the height of the lift, for a high lift the steam cylinder ia 




Fig. 105. 
often 3 or 4 times as large aa the water cylinder. Fig. 106 
represents a large pump of this kind made by Measni. 
TangyeBros.of Birmingham, for Messrs. Stanniea' collieries 
at SilverdaJe, Staffordshire. The steam cylinder is 32* 
(jmmeter, w»ter cylinder 10^', length of stroke 6 ft. The 
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gine raises 22,500 gallons per hour to a heigbt of 540i^^^^| 
The first cost of these "direct-acting" pnmps is veiT'^^^^H 
low, and when they have a, long stroke they work wiut ^^^^| 
Teiy considerable economy of fuel, coneiderlng that th«^^^^H 
steam is used non-expansively. The expenditure for ^^^^H 
buildincs is reduced to a, minimum, as only the boiler ^^^ 
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buildings is reduced to a minimum, as only the boiler 
needs to be "set" in masoniy. In some cases the pump 
has been suspended in the shaft while sinking, and lowered 
from time to time as required, 

153. Tha Compoiind Differential Engine. — A pair of 
compound differentinl pumping engines has lately been 
put into the Morton Pit at Olay Cross CoUieiy, near 
Chesterfield. These engines are placed at the bottom of 
the pit, and they force the water in a direct lift 960 ft 
high. The steam is conveyed down the pit in a clothed 
Bt«ini pipe TJ" internal diameter. The loss of coal from 
condensation is computed at 73 lbs. per hour when the 
Jngines are idle, and 103 lbs. when working. Another 
lift of 1100 ft, has just been completed at the Navigation 
Colliery near AbeKlare. The engines employed were 
described at the meeting of the Institution of Mechanical j 
Eugineera in London, on the 29th Octobee 1874. 

The chief drawback in collieries where fuel is of c 
paratively little value is, that their situation at the bottom 
of the mine renders them liable to be drowned out in case 
of a sudden accession of water beyond their capacity, or 
should any accident happen to them. It is therefore 
necessaty to have the pumps in duplicate, or a serious risk 
is encountered. 

154, Compound Direct-acting Pumps. — A convenient 
arrangement of a gi'oup of these pimips is that shown in 
fig. 107, where A AAA are the separate pumps all com- 
municating with the suction pijie B, The delivery is 
through the pipe C C C. The boilers D D D are of the 
Cornish type ; thoy are placed at the surface, and the 

^eam is conveyed down the pipe E E E. By this arrange- 
lent it is possible to connect aAditiiycvsV -^^ms^ m^NhSvwt. 
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as ttey become necessary, and hj using one pump more 
than is absolutely required, tiio risk of being drowned out 
is reduced to a lainimum, 

166. Boilers. — Among those most suitable for supply- 
ing large volumes of steam at pressures from 30 to 50 lbs. 
per Bqnareinoh, those of the "Comieh" and "Lancashire" 
types are the best and most generally used in modem 
collieries. 

156. The Cornish Boiler is illustrated in fi^. lOS, 103. 
Fig. 108 is a perspective view, fig. 109 is a section show- 
ing the mode of setting. The boiler consists of a strongly 
riveted cylindrical "shell," with flat ends, the angles 
being strengthened with "angle-irons." A cylindrical 
tube is riveted in the same manner to the flat euda, but 
rer the bottom than the top. The fire-bars are placed 




Fig 109 

within the tnbes, aa shown at a, fig, 109, and the space 
BTound the tabe is filled with water up to the water-line 
6. The boiler is supported by masonry enclosing the 
flues at cc and d. The flames and heated air produced 
at a pass along the central tube, return to the fire end by 
the Bide flues e e, and being then directed into the bottom 
flue d, pass along under the boiler to the chimney, which 
is placed at the farther end. The cflect of this arrange- 
is that most of the heat of the fire is imparted to the 
vater in the boiler before the products of combustioa 
make their escape up the chimney. Many Cornish boOera 
»re made from 30 to 40 ft. long and 7 or 8 ft. diameter^ 
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with a fire tube from 3' G" to i' fi° tliaiueter, and some 

large pumping engines require as much Bteam as can be 

I six, of anch boilecB. When 

desirable to strengthen the 

fire-tube by ringa, trans- 

■ Galloway" tubes, 

1 u some other manner. 

157. The Lanc&Bbire 

double-flued boiler, 

is really a 

modified Comiah boiler 

in -which a somewhat 

larger heating aurfaco 

is obtained with equal 

Fig. 110. water and steam space, 

without iiicrcasing the size of the outer shell. 

158. Clothing of Boileis, — Much of the economy of 
the Cornish Rystem of pumping, which is known to be the 
most economical, and ia now generally used in large 
water-woi'ks, is no doubt due to the careful manner in. 
which the boiler, steam-pipea, cylinders, valves, etc., are 
clothed with non-conducting material or encased in steam- 
packets. This ia so thoroughly done that in. many cases 
the temperature of the engine-house ia uniformly below 
85°, except in very hot summer weather, and the boiler- 
houses are but little warmer. 

169. Power of Boilers. — A good ready rule for esti- 
mating the horae-]>ower of Comiah and Lancashire boilers 
ia to regard each square foot of fire-grate surface, or each 
fiquare yard of heating surface, as equal to one horse- 
power. A well-proportioned boiler of either type, if 
properly "set" and fed with best Welsh steam ccal, will 
evaporate from 9 to 11 lbs. of water per lb, of coal burnt, 
a higher result than haa been attained with any other 
form of boiler. 

160. Duty of BngineB,— The cnginea for pumping work 
which give the highest useful result of "duty" are Comiah 
eingle-aoting engines, supplied by Coraiah and Laacashii-e 
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rboilei'3, Tliere is one inatance on record of an engine 
of this kind* doing ft duty of 145,000,000 foot-lbs., in 
other words, lifting one hundred and forty-five million 
pounds of water one foot high with the conaumption of 
112Ibs. ofbeatconl. This duty was no doubt nnnaually 
high, but there are seveiul Cornish engines ngw at work 
continuoualy, both in mines and water-works, whose duty 
ia equal to 100,000,000 foot-lbs. per cwt of best coal. An 
inferior coal is often used for the sake of economy, when 
the duty is of course proportionately lower. This high 
duty is obtained when the engines aie large, do not work 
too rapidly, and are supplied with steam at from 40 to 50 
lbs. pressui'e, from an abundant boiler space. Generally, 
it will be better to iise an additional boiler for supplying 
Bteam in preference to forcing those already in use beyond 
their capacity. No other form of engine is known to 
give BO high a duty as a Cornish pumping engine in [leifect 
order, 

1161. Quantity of Water Raised. — This is sometiines 
■very great. I am nnablo to give the exact quantitiea 
from the most extensive collieries, but one has already 
been mentioned from which 22,500 gallons per hour are 
I&ised. It is probable that this quantity is in some places 
greatly exceeded, es there is no reason to suppose that 
the water from extensive Coal mines is less than from 
Borne Cornish mines. At Mellanear copper mine, near 
Hayle — a comparatively small mine — during the month 
of April 1873, and for many months previously, no leea 
than 1162 gallons of water per nii)M((e were raised, chiefly 
' from the bottom of the mine. In some mines the quantity 
I raised has reached, for short periods, the enormous quau- 
t tity of 3000 gallons per minute. 
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CHAPTER XIV. 

TOOLS AND BLABTINQ OPERATtOJTa. 

162. The Tools used in coal miniiig are few in numljer, 
and generally of a simple character. They consist of picks, 
shovels, tanimei-s of Tariona kinds, wedgea, horera, and a 
few misceUaneous tools. We can only descrihe the most 
useful, or the most common forma in the present work. 

163. Picks. — ^Theae are alao known as hacks, slitters, 
and mandrils. They vary mnch in form in different 
diatriots, and according to the special purposes to which 
they are applied. They are mostly made of iron with 
points or tips of steel; the handle or helre is hest mado 
of ash or luctory. The helves vary from 1 ft. 8 in. to 
3 ft, 6 in. or 4 ft. long, and the weight of the pick from 
2 Ihs. to 8 Ihs. 

For sinking stafte and breaking bai-d rock the tool 
Bhown in tig. Ill is very useful. It has a helve abont 
30' long, and the head is 6 to 8 lbs. in weight. The 
cost varies from 4s. 6d. to 6s., according to weight and 
quality. 

The poll-pick, shown, in fig. 112, is seldom iised by coal 
miners in this country, but is greatly valued on the con- 
tinent When made about 5 lbs, in weight it ia vtUuable 
for breaking hard rock underground, if 7 or 8 Iba., for 
sinking shafts in hard ground. When made lighter, say 
2 or 3 lbs. only, it is a valuable tool for breaking coal in 
narrow scams, especially when they arc steep or "rearing." 
The tool represeated in fig. 113 is also used on the con- 
tinent, and the weight is generally 5 or G lbs. 

Fig. 114 represents a form of "hack" used in the North 
of England, Uie weight of which is uanidly 7 Iba. 

The "holing" pick, used in North Staffoi-dsiiire, is repre- 
sented in fig. 115, that used in Durham in fig. 116. The 
curiouB holing tool called a rivelaine, used by the Belgian 
coUiots, ia eliown in fig. 117. Another curious tool used 
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at Liege for holing is represented in fig. 118. All tliese 
"holing" tools have very long handles to allow of their 
being used to undercut the coal as far as possible befora 
"wedging it down. 

164. Shovels or Spades. — A nsefid form mach nsed in 
the North of England is illttstrated in fig. 119. Another 
form, fig. 120, is much used in Stafi'orddur& The long- 
handled shovel used in the metal mines of the west of 
England ia drawn in fig. 121. It is not much used in 
coal .mines, but it would be found a, most useful tool for 
Burface work or for use underground, where thick Beams 
are worked, although some little practice is required to 
use it properly. In a few instances it has l>een introdoced 
by miners from Cornwall. The "plate" is from 9 to liI 
inches wide, and 10 to 15 inches long, slightly hollowed, 
and strengthened with a central rib extending half-way 
down. The point is usually steeled. The handle is from 
3-6 to 4 ft. long, and in general inirved. The weight of 
the plate is from 3 to 4 lbs., the cost unsteeled 5d- to 6d. 
per lb. Steeling, about 6d. extra on the whole plate. 

165. Hammers. — The chief use of hammers in eo^ 
mining ia for stiiking the borers in preparing ahot-holea, 
etc., for breaking up the heavy masses of rock dislodged 
by the blast. A useful form for the first purpose is that 
shown in fig. 122. A North of England form is shown 
in fig. 123. The heads or panes should be steeled and 
the helves made of hickory or ash. The weight varies 
from 4 tfl 9 lbs., the cost from Cd. to 8d. per lb. 

A good foiTO of "aledge" is that shown in fig. 124. 
The weight varies from 7 to 20 lbs. Fig. 125 is another 
useful furm. These sledges will cost from 5d. to 7d 
per lb. 

166. Wedges. — These are much used for breaking down 
masses of hard rock, and wedging oft' the seam of coal 
after holing. Useful forms are shown in figs. 126, 127, 
128. Wedges are often made of iron, but for hard rock 
they are best made of steel. Iron wedges should not 
exceed 4d. to 6d. per lb., and steel wedges about Sd, 
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Steel borora worn too short for use Tnake moat excellent 

167. Borers. — These are often called "striking borers," 
■drillB," "bits," and "augiira," The genei-al form is 

indicated in Gga. 129 and 130. The round-ended form, 
129, is most suitable for boring hard rocks, the square 
form, fig. 130, for clift or coal. The best borers are made 
of steel throughout, but iron borers tipped with ateel are 
often used and serve well enough for soft rooka. Tbe 
difference of cost for a borer 5 ft. long, between steel 
tipped and steel throughout, will not be more than 2& 6d., 
and this will be saved in boring two or three lioles in 
hard rock, as the blow is more perfectly transmitted to 
the rock through ateel than through iron. Borers ai« 
made of varioua lengths according to the depth of the hole 
required, but the longer rather smaller than the shorter 
ones of the same set. They are very readily made from 
round or octagon steel bars, and coat but little for 

168. Miscellaneons Tools. — The tamping bar ia a bar 
of iron, tipped with copper, or a rod of hard wood, used 
for ramming home a. " (imping" of clay or eaithy material 
GO Bs to confine the gunpowder or other explosive in a 
bore-hole to increase its useful effect. The pricker was 
formerly much used to make a hole through the tamping, 
hut since the invention of safety fuse it has gone very 
generally out of use, the tamping being now rammed 
I around the fuse itself. 

Swab-aticks are rods of wood, with the fibres of the end 
beaten loose, used for drawing wet mud or sludge out of a 
boi'e-hole. Sometimes a kind of syringe, known as a gim, 
is used with good effect for this purpose. 

A hatchet is very useful in preparing timber for tender 
ground, and in many places the miners are very expert in, 
its use, and also in the use of a cross-cut saw, hand saw, 
adze, and aiigur. 

169. Blaeting^. — The process of blasting deserves care- 
(d1 study from every one engaged ia mioio.^ -s^TaliKiea^-J 
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It ia, of aemm, 
ta be learai bjr pnetiee «nlj, but tone few goHzU 
nmnks will no donbt be oaeAiL Tbe piacess in ooUme 
M w SdOawm :— A bile is fint made in U>e rock bj meuu 
of the mellet and bonr. In general, <ne man h<ddfl the 
bor^ vlnle it n itmck or "beaten' bj- one, two^ (» 
three starika^ who ddiTtr heaTj Uovv altonatefy npou 
ite head, the holder ^tu^ it about ane-ei^tth ot a tarn 
after enrj Uow. A Itttfe water ia fed into the hdla 
from time to time^ and at iulert^ Ute "alodge'* is wiUt- 
dnwnfrom tfaeh^bjmeaBBOf a"swBl>-Etick.'' In this 
nj a hole is bcred from 1 iiM^ to 3 indies in diameter 
at the nte cf from 30 to 40 indies pv boar, according 
to the hardness of the rod. 

The operation of Masting coal is Tery easily effected. 
It is rarely nec^ssaiy to strike the borer with a mallet, 
a mere Etnkiiig motioii vitL the hand, propelling and 
withdrawing the t>orer, generally suffices. A Bharp sqoare- 
ended borer is the best. 

170. Boring Machines. — Of late years Ecveral machines 
hare been invented with the yiew of effectiog the opera- 
tion of boring more speedily, worked either by Bteam, 
compressed air, or water power. Some of these hays 
preyed yery effective for quarry work, for driying large 
tuunela or Kink ing deep shafts, hot hitherto tLey Lave 
not been generally able to comi>ete w-ith hand work 
tmderground, on the score of economy, although, where 
Bpced is an object, tLey may be used with adyantage. 
Among tlie most ingenious of these boring machines wo 
may mention M'Kean's, the Burleigh, and the Darling- 
ton drills, but we cannot spare epoce to describe their 
peculiarities and modes of action. 

In quarry work a jumper iti sometimes used for boring, 
eapecially for shallow holes, but it is rarely used by 

A little rotary hand borer b frequently used in boring 
coa) and clift, the motion of the borer being given by 
tutiuBg a iandle. 
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A. kind of traversing boring machine liaa also been 
introduced with considerable Bucceaa for " holing " tlie 
COaL 

17L Charging. — The hole being bored to its proper 
depth, a quantity of gunpowder is placed in it, a piece 
of safety fuse long enough to reach the powder is placed 
in the hole, and it is filled up with hard clay, sand, broken 
brick, or other tamping material, which ia driven in firmly 
I vith the tamping bar. This was formerly done with an 
I iron bar, when the operation was very dangerous, but it ia 
illegal now to use any other than a copper or copper-tipped 
liai', aad accidents wliOo tamping ai-e of compai'atively rare 



172, Firing the Charge. — The holo having been 
charged, the outer end of the fuse is set on fire, the 
workmen retire to a safe place, and, when the fire reaches 
the powder or other material used, it explodes with great 
"violence. In general, the holes need not be so large nor 
for dynamite, gun-cotton, or nitro-glycerine, as for 
Jer, and they are usually larger in open workings 
a. underground. 
The miner should so place his hole that it may encounter 
a nearly as possible an equal resistance in every direction, 
md much practice, observatioo, and judgment will be 
raieeded before he will bo able properly to apportion the 
ieharge to the amount of work to be done. He niuat have 
a keen eye for "fissures," "joints," and "breaBt-heads." 
In some cases it will be an advantage to introduce the 
jwwder or other explosive in a cartridge foi-m, especially 
m wet or loose ground. 

The underclay of the seam, a portion of clift, or of the 

" coal itself serves for excellent tamping, and the only 

■ danger to be guarded against is the ignition of fire-damp. 

Of course, whenever this is to be feared blasting ia highly 

improper and should be absolutely forbidden. 

' 173. Um of Explosives. — Accidents sometimes occur 

, from, a careless use of powder or dynamite. Powder 

should be kept in a tightly c\oae4 &i\ '^.■q. V^Min.^'i >« 
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4 lbs,, and tlits sliould be filled by a proper officer, 
aad a.t an appointed pliico. It has beoii proposed to 
forbid the uhb of loose powder, and only to allow the 
mea to use cartridges, but this plaa cannot always be 
earned out with advantt^e, as it is necessary to appor. 
tiun the charge for each hole accai'ding to the work to 
be done Cartridges are, however, very useful for use 
in holes bored ia a slaating ponition upward, tind also 
for wet holes; but in these cases the whole of the powder 
should be made up into one cavtridge of the size required. 
The miner should exercise great care, not to allow any 
loose powder to lie about or fall from the can, na tliis 
might become ignited and serve as a train to fire a hole 
before the prepai-ations were complete. 

The use of safety fuse instead of a train of loaded quills, 
or the use of the pricker, prevents many accidents. It is 
also much more economical, but none but the best should 
be used, or disappointment will ensue £roia the fuiltii'e 
of shot3. Gun-cotton has been used in a few mines, but 
not often of late years, as it is not found to present much 
advantage over powder. Dynamite is now coming lai^ly 
into use, as it ia greatly more powerful than powder, and 
may be used without inconvenience ia wet places. The 
directions supplied by the makers are sufficient to pi-event 
accident in almost every cose if strictly complied with. 
In moderately cold weather it becomes frozen and will 
not explode. In such cases it should be thawed by steam 
beat, or by being kept in the bi'eeches pocket of the miner, 
never by being placed over or before a fire, or in contact 
with metal heated other than by steam or hot water. In 
using dynamite, tiimping is almost unnecessaiy. 

174. Firing by Electricity. — In some large works the 
ebots are fired at stated times, a great many holes bcinjg 
prepared and fired at one moment. This arrangement is 
well suited for quany work, and in sinking hvrge sliafta, 
but is hardly suitable for general work underground. 

J7fi. AccidentB in Blasting. — These occur from many 
cauaesj the chief of which anj under control of the meu. 



CHAPTER XV, 

VENTILATIOS OF WORKINGS. 
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By the use of copper-tipped or -wooden tamping bara, the 
employment of safety fuse as a means of ignition, careful 
signalling to men employed in the neighbourhood before 
firing ehotfi, and prohibition of all picking out of missed 
shots, nearly all such accidents m^y be, and in fact are, 
prevented in ireU regulated collieriea. 

rl76. Nature of Air.— No miner can be too much im- 
pressed with a sense of the great importance of good 
ventilation. The air we breathe coDBists mainly of two 
gasea called by chemists " oxygen " and " nitrogen." 
These are mingled together in the proportion of abont 
one part oxygen to four parts nitrogen. It is the oxygen 
which is really necessary for the support of life, while 
the office of the nitrogen ia to dilute it and to increase 
its Tolume. The air being taken into the lunga in 
the act of breathing, the oxygen combiuea with spent 
carbon from the blood, and ja thei-eby converted into 
" carbonii: acid," or as it is sometimes called " carbonic 
anhydi-ide," Carbonic acid is injurious when breathed, 
even if it is mixed with a large volume of pure air, and 
it should therefore be removed as fast as it is formed. 
When men work in the open air the cai'bonic acid formed 
ia speedily dispersed, and as the supply of pure air is 
abundant, no ill effect follows. But it is othni-wise in 
rooms, and especially in mines; here the air soon becomes 
quite unfit for use if it be not constantly renewed, hence 
Uie necessity for ventilation. 

The impurities imparted to the air by breathing are 
much increased in mines by the constant use of candles 
or lamps, rendered necessary by the absence of daylight; 
and by the explosion of gunpowder or other agents used 
for blftsting, 

16a 1. 
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In coal minea inflammable gases called " fire-damp" are' 
often given off in great abundance, besides ■which the 
"clift" sometimes absorbs oxygen, and so aids in render- 
ing the air unfit to breathe. 

The mine!- has always a good test at hand for the fit- 
ness of the air he is breathing. ]f his candle or lamp 
bums brightly and well, the nil" is lit to breathe; but if he 
has gi'eat difficulty ia keeping it alight when the air is 
still, or if the flame becomes larger and of a pale bine 
colour, and flickera greatly or goes out, the air which does 
not properly support combustion will not support life, 
and some artificial means of ventilation becomes necessaiy, 
or the miner's health wUl give way. 

This test b much more reliable than the common mode 
of judging by the rapidity of the current at any given 
point, as it may be applied in the working " ends " or 
"faces" themselves where the air ia often stagnant, not- 
withstanding that there is a good current in some of the 
drifts. 

177. Ventilatioii of Shafts and Trial Workings. — 
Ventilation may be either n.itural or artificial. In coal 
mines it b generally although not always artificial, but 
in trial sinkings it is often naturaL In sinking shafta, 
unless the shaft be very ()e«p, a simple brattice of thin 
wood or painted canvas dividing it from top to bottom 
into two will usually be found sufficient The men woAing 
in the shaft on one side of the porting will raise tJie tem- 
perature Gom<>what, when it will be converted into an 
upCMst. while the cool air will descend on the other ado 
or dowaiMSt to stq^^ty its [dac«. 

178. A£p-SoUan. — A natural current m»T often ba pn>- 
dxioed in k katg level by means of an ^'airsoDwrJ' "Db 
fbn» an uT'SoUiU'. the floes' of th« level canying Uie toam 
n«d ia lud abottt 6 incks above Oe aetoal bottom of 
Aokv*]. and ja wquwrtri ty <««b ■ i ee p cia weting i^Wrt 
UMks «r v«od «r stoMi «r tha tDar in tLa eaofaa OT 
Aa lava) mn^ W «M«««*td aoaaiwliat dHfcr Oan As 

aMm i'la&te«nUA«Rwttiidtaat«iagtnwtiaaa^ 
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^kIo foiin a kind of deck, and the 'wliole ia rendered air 
^^tight by piaatcring with mud. Thia will divide the 
tunnel into two very nnequal portions. Through the 
lower division oi' air-aoUoi-, a current of cool and there- 
fore heavy air will pass on to the "face of work," 

The air heated by the breathing of the men, the heat 
of the lamps, etc., will pass out through the level itself, 
and so a constant current will he kept up. The " level " 
fihould be kept as truly level or " dead " as possible for 
eeveral reasons, two of which may be mentioned here: 
1st, If there be water flowing out through the level, and 
the fall be considerable, the rapidity of the current of 
water will, to some extent, check the ingoing cniTcnt of 
air; 2nd, if the level me rapidly, the floor of the end will 
soon be at a higher actual level than the " roof" of the 
entrance, when the heated air will actually have to 
deseend in order to make its escape, although the natural 
tendency of heatod air is always to ascend. 

179. Cowl or Cap-head. — Should it be necessary to do 
more than divide the shaft, or air-aollar the levels, a 
"cowl," "cap-head," or "windsail," niay be resorted to. 
This is effected as follows :— A pipe of thin metal or wood 
is made of about one square foot area or less, to whioh is 
fitted a revolving cap-head a, flg. 
131. The lower end of the pipe ia 
carried down nearly to the bottom 
of the shaft, and the open mouth 
b is turned towards the wind. A 
current of fresh air is thus forced 
down to the bottom of the shaft 
where the men are at work, and 
this displaces the foul air, forcing 
it np the shaft In Cornwall, for Fig- 131- 

temporary purposes, the writer has seen a zino rain-water 
pipe so arranged with a miner's jacket extended by wires 
at the top for a " cap-head " or " sail." A similar arrange. 

Iment may be adopted for ventilating Bd \CTft\, "Ooa "^vj^ 
bein^ cairied into the end, but aiia-iTj oa^ea \a."QaB.-^-oj» 
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should be avoided as much as poasibla. It is plain, how- 
ever, that this mode of ventilation can only be adopted 
■when the wind is blowing, but in time of calm, under- 
ground ventilation ia moat of all wanted. To meet 
this difficulty, a small fan may be placed in the upper 
end of the pipe, worked by hand, a water wheel, » 
steam engine, and ai-ranged either to force pure air into 
the workings, or still better, to draw the impure air out, 
leaving the pure air to find its way down the shaft. 

Sometimes, by simply continuing the air pipe upwards 
for some feet above the shaft os & sort of chimney, and 
removing the cowl or turning it away from the wind, ( 
very effective upward current ia produced in calm warn 
weather. The cost of air pipes of thin wood 1 foot square 
will be from 6d. to 9d. per foot; zinc will cost thre 
four times as much. Thn pipes may be fixed by means 
of thin iron staples and spikes to the timbers of the level 

In many cases a jet of high pressure steam from t 
boiler may be discharged into the upjier end of the pipe, 
when an outward current will be at once set up. 

180. The Water Trcmpe.— Where there is a. supply of 
water at surface, and a water level to cai-ry away the 
waste, the water " tnink," or " trompe," may bo used for 
ventilation with much advantage. If there bo no drainage 
level, and the spent water would have to be pumped up 
again after use, it may be better to apply the power 
dii-ectly to produce a current of air by means of a. fan or 
air pump, unless there be a surplus of pumping power. 
Figs. 132, 133 show two forms of the water trompo. In 
fig. 132 the water from the launder a falls upon the series 
of iron bars 6, and down the pi]>e o into the cistern d. 
The stream of water being broken by the bars, a quantity 
of air is entangled and carried down with it, and thu 
escapes at the trunk or exit pipe e. Tho water overflowa 
the cistern d and is pumped up again, or passes away by 
aa adit level. In fig. 133, tlie Water enters the hopper 
i>r the iaunder a, passes down tV^ ^v^% c, ra^ ^»!>\& m^d 



I KATuaAL vesTitATioy. 133 

the dasli-block /, placed in the eiatern d, the overflow of 
■which ia at g. Air 13 drawn into the pipe c thi-ough the 
holes b, and makes its exit as before at e. By lengthen- 
ing the exit pipe so aa to reach into the " end " of a level, 
these modes may he made avoilahle for ventilating very 
long drifts. In all cases the exit pipe should be large, 




Fig 133 

B it ia qnantity rather than a rapid cuiTent which is 

^wanted, and Eharp angles shonld be avoided as much aa 

possible, since the air current receives a serious check at 

every sudden change of direction. 

181. Natnral Vantllation. — In working "rearing" seams 

^Buch as those in the neighbourhood of Nettlebridge, to a 

moderate depth, the difference of level of the " braces " 

if the different shafts, due to the irregularities of the 

turfaee, is often sufficient to determine the direction 

T the current of air, and to produce a good natural 

ETentilation, although it is sometimes necessary to use 

Lui* partings or stop doors to aid this. Thus, if in a 

Ejnme, situated as in fig. 134, there be two shafts, a b, 

E the current will be in the direction of the arrows 
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■when tlie surface temperature la warmer tbnit diat <rf 
the bottom of the mine, and it will bo reversed when 
the surface temperature is lowei-. ^Vhenever the sur- 
face temperature is the same as that of the bottom of 
the mine, the rentilation Trill be litelj to suffer; but 
this state of things will not last many hours at any one 
time, since the temperature of the bottom of the mine 
■will be constAnt, that of the surface rapidly Toriable at 




fig. 134. 
different times of the day. It may be necessaiy to place 
regulating doors a,t bb and ce,bb being Ebut when e e are 
opened, and vice versd. At d the cuiTent wOl be di^vided 
as shown. The level at e will be very badly ventilated 
unless a current of air con be sent along it by means of 
an air-sollar, or iu some similar manner. Sometimes a 
chimney is built over one shaft to increase the natural 
inequality of level, and to assist in the detonnination of 
the current. This should he of lai^e area, as if small, 
a sufficient quantity of air ^s^ll not pass. 

In veiy deep mines the difference to be obtained by 
means of a high chimney ia veiy slight aa compared with 
the whole depth of the shaft, but the naUirally high 
bottom temperature of sucii mines gi-eatly aaaiata their 
ventilation by means of natural currents. 

182. FamacQ Ventilation. — The moat general mode 
pf ventilating collieriea of any extent is to produce a 
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rorculatioa of air by means of a fumaco. Tiie best iikmIq 
of canying this into effect ia to build oae or more furnaces 
in furnace diifta communicating 
with the upcast ebaft, the object 
teing to obtain as Diuch differ- 
ence of temperature as possible 
between the air in the upcaat and 
downcast shafts, say from 60 to 30 Fig. 135. 

degrees. Figs. 135 and 136 show a common construction 
irt end elevation and longitudinal section, 

f 

■ Fig 13S, 

H When the air is foul, the furnace is sometimes fed by a 
1^ stream bioiight direct from the downcast, while the foul 

air posses into the upcast at such a height as to be free 

&Dni danger of firing. 

Some of these furnaces consume as much as 6 tons of 
_ email cool in 21 hours, and pass 180,000 cubic feet of air 
^ per minute. 

^B The situation of the upcast and downcast shafts is well 
^k stown in figs. 75 and 78, as well as the mode of coursing 
^B the air, adopted in pillar and stall work. The iron-work of 
^B the upcast abaft should be kept well painted, or it will be 
H liable to serious corrosion from the heated gases. 
H 183. Air-Pumps. — These are more largely used in 
^K Bome continental mines than in England, but one devised 
^K by M. Btruve is largely employed in South Wales. The 
^P cost is about £200 per 10,000 cubic feet per minute 
^K (theoretical), but a large deduction must be made from 
^H the calculated quantity on account of les:ke.^i^ a,\^d,'tc\^\<s^. 
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Another form of air-pump (Nixtni's) is in use at tKa 
Navigation Pit near Abcrdare. ' One of these ia calcu- 
lated to pass 166,000 cubic feet of air per minute. Other 
useful forma of air-pumps have been devised by M. M. 
Briaco, Mahaux, and Scohy, but these are chiefly in use 
on the Continent 

184. Fans. — The use of fans for ventilation ia veiy 
ancient, certainly more than three centuries ; but aa 
formerly made, the loss from leakage was very great in 
proportion to the power developed. More recently they 
have been much improved, and have come largely into 
use in many English oollierica, especially the form designed 
by M. Guibal. Some of these are as much as 30 feet 
diameter, and with vaucs 10 feet wide. Some of the 
greatest improvements consist in a more careful closing 
in of the fans, and in providing a variable outlet for the 
ail- current 




[Fig 137. — Lbmibllb's Vbhtilatoii, 
The ventilator of M. liemielle, fig. 137, ia a kind of 
fan which has been found veiy efieetive at home and 
abroad, A A is a cylinder of wood or sheet iron, B B a 
revolving drum, C C C are BWtters of sheet iron which 
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ftre actuated by the iron rods d d. These are made to 
act by means of a conl working over the central axis of 
the drum / and tlie centre of the cylinder, I is the inlet 
and the outlet. 

Other kinds of fan have been de'i-ised by Messrs, Fabry, 
Waddell, and Lambert, but we cannot further refer to 
them. Generally speaking, it should be boiiie in mind 
that the beat ventilators ai'e those which move a great 
Tolume of air at a low velocity. 

185. Steam Jets. — Many attempts have been made 
to ventilate coUiei-iea by meana of jets of high-pressure 
Bteam, and some of these have been very successful except 
in point of economy, For temporary purposes, or in case 
of accident, they will be found very ef^cient and con- 
venient; but for the jiermanent ventilation of a lai^e 
colliery, a furnace, or even a fan or aii'-pump, will be 
much cheaper. 

186. Coursing the Air.— In an elementary work of 
this kind it would be out of place to treat in detail ao 
tidvanced a subject as that of the proper mode of directing 
the air currents in largo underground works, A few 
general i-emavka must suffice ;- — 

1. The courses from the downcast should not be too 
long. In genei-al, it will be better to shorten the courses 
by splitting the air as it enters the mine fi-om the down- 
cast. Such air courses should be "balanced" or eqiuUised 
as much aa possible. 




2. When it ia neceasaiy to carry one current of air over 
or beneath another, air crosaings should be very strongly 
constructed, so that in case of accident in one part of a 
mine the whole system may not ba da^.ttci-je.'i. "fiv^.'SHft. 
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is an exatQplo of snch a crossing. Sadi crossinga some- 
tiinea merely conaist of bratticing, but this skould only 
be used for tempoi'ary pnrpoaoa. 

3. Whore independeBt air courses cannot be secured, 
the distance between the upcast and downcast should, if 
possible, be considerable, so that in case of explosion 
there may bo a natural oarrent of fresh air set up to 
which the men can make their escape. 

4. An ujMaist pit on the rise of a seam will be in genoral 
preferable to one on the dip of a seam, unless the surface 
level is much depressed at that point. 

187. Air Stoppings and Regulators. — As the working 
of the mine is extended, it becomes from time to time 
necessai^ to vary the direction of the courses. This ia 
done by meana of doors, when the passages have to be 
used, and stoppings when they are no longer required. 
Sometimes also it is necessary to moderate the current 
in ceiiain directions, when regulators are put in. 

188. Volmnes of Air Currents. — ^These are sometimes 
very great, in some cases as much aa 300,000 cubic feet 
per minute from one upcast, with a velocity of 2000 feet 
per minute or nearly 2i miles an Lour. This velocity 
would be at least 10 times too fast for an ordinary drift, 
or, in other words, with such a velocity at the upcast, the 
area of the drifts ventilated may be 10 times that of the 
upcast. Of course the velocity in narrow [Mtrts will be 
greatly more, bo that it must not be assumed that the 
ventilation ia good because the current is rapid in such 
situations. As the volume of air required ia so great, it 
is not possible to ventilate underground workinga effect- 
ually by means of narrow boreholes from surface, a method 
which has been proposed by several writers. 

189. Anemometer. — The quantity of air passing througU 
a drift may be ascertained by means of the instrument 
known as the anemometer. This is a hgiitly made metallio 
fan which revolves when it is held in the current. The 
number of revolutions is indicated by wheel-work and 

a seiiea of eoiaJI dials. To got accurate resulte it ia 
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neoeagaiy to hold this inatrument at top, bottom, sides, 
and centre of drift, and to take the mean aa the actual 
velocity. This, multiplied by the area of the drift, gives 
the quantity of air passing. Approximate i-esulta may 
te obtained by observing the time occupied by a puff 
of smoke or a patch of wool in traversing a measured 
distance, but this always gives too high results, as the air 
moves faster in the centre of the drifts than elsewhere. 

The "manometer" should also be used in order to 
determine the different densities of the air currents in 
diSerent places, by which means the existence and situ* 
atioa of unoaual obstructions is often indicated. 

190. Borometei. — ^Thia should be found in themanager's 
office of every fiery colliery, as it has been observed that a 
large proportion of explosions occur during or immediately 
after a sudden or considerable fall of the barometer. 

191 Heat of Deep Minea. — The ventilation of deep 
mines is somewhat assisted by the high temperature 
■which favoura the escape of the foul gas from the upcast. 
The rate of increase of temperature in deep mines varies 
much in different localities. In some places it has been 
found aa much as 1° P. for each 45 feet in depth, in others 
little more than half this lute. After about the first 10 
fathoms the variations of surface temperature have no 
effect on that of the mine below, which, in the absence 
of chemical changes or of hot springs, is always almost 
exactly the same. One exception, however, must bo noted. 
In deep workings, when they are ai'e fiist opened, the 
temperature is often much higher than in the same aitua- 
tiona after several montha working. Thus, at the CliiTord 
Amalgamated Copx>er Minea, in Gwennap, the air in tho 
220 fathom level was 100" F. in 1863; but in July, 1864, 
it had sunk to 83°. In the 230 fathom level then just 
opened, the temperature at the same date was 104° F. 

At the Duckinfield Colliery, in Durham, the tempera- 
ture was found to increase from a depth of 20 feet down 
to 358J fathoms, at an average rato of 1° F. for each 88 
feet in depth. At the Rose Bi-idge Colliery, near Wigan, 
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from a depth of 80 J fathoms to 403 fathoms, the averaga 
increase was at the rate of 1° in each 67 feet. This latter 
ifl one of the deepest mines yet worked. 

Perhaps the greatest depth yet attained is at Firiers 
Saints, near Giliy, in Belgium, where the shaft itself 
reaches a depth of 3411 feet, or nearly 570 fathoms, and 
the hottom of a trial-aiaple waa foimd by Mr. W. W. 
Smyth, in 1871, to be 3489 feet, or 5SU fathoma. ^ 
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192. Candles.— In the anthracite mines of South Wl 
and in some of the coIlieTies of Somerset and the North 
of England where outbursts of inflammable gas ore un- 
known, the usual mode of lighting the miner at his work 
is by means of tallow candles, of about 20 to 30 to the 
pound. These candles are held in place hy means of a 
spike and holder, or else hy a lump of clay. The caudle 
itself is a sure but dangerous indicator of the presence of 
fire-damp, as, when this is prcaent, it becomes elongated 
and of a blue colour, often with a kind of browniah-grey 
tip. It is sometimes used to test the air, but this should 
nerer be done where aa explosion would be dangerous. 

193. Open Lamps. — These are more used in Saxony 
and Belgium than with us, but they are sometimes met 
with in England and Wales. They ai'o made to hum 
colza, rape, or paraflice oil, and to supply a very cheap 
light, but are often accompanied hy an uujileasant smell. 
The cost varies from \A. to Id. for each shift of eight hours. 

194. Coal Gas.— This is largely used in some of the 
non-fiery mines of the North of England, especially in 
lighting the shafts and rolley-ways. It is very economical 
considering the excellence of the light given. In some 
cases blowers of gas itom the coal have been utilised for 

tbia piirpoee; but the use of naked lights is improper in 
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seams where tlowerg are given off except in the downcaat 
shaft. Sometimes the gas is made at surface, stored in a 
gasometer, aotl sent down by means of a fan-hlower or 
a water trompe, A cm^rent having a force equal to a 
pressTire of 10 or 12 inches of water is found sufficient to 
carry the gas down to a depth of 150 to 200 fathoms, and 
to maintain sufficient prcsBure at the hitrners. In mines 
where fumfloea are used for ventilation the retorts are 
Bometimes placed over the furnace, and the gas is purified 
and stored underground. 

In the United States a kind of gas is produced for 
mining and other purposes by forcing common air through 
benzoline. This gas is slightly h^vier than air, so that 
no difficulty is experienced ia conveying it underground, 
as is sometimes the case with coal gas. The first coat of 
the apparatus is much less than that neoeasaty for the 
production of coal gas, the complete arrangement for 
fifty Ughts only costing from £G0 to £100. The forciug 
appai-atus is a kind of clockwork, which is wound up 
night and morning by one man in less than an hour, and 
the light is said to be quite equal to coal gas, or even 
superior to it. The cost for each light is about ^d. per 
hour. This would be too costly a light to supply to each 
pair of menj but not too costly for the lighting of shafts 
and main roads, or levels, or other fixed positions, where 
& constant light ia needed. This mode of gas lighting 
was to be seen in the International Exhibition at South 
Kensington {July 1874). It seema to be admirably 
adapted for mining purposes. 

195. Safety Lamps. — These are the most generally 
nsed sources of light in coal mines, and the only kind that 
should be employed in any situation where blowers of gas 
are to be feared. They are of many kinds, but all depend 
upon the principle first made known by Sir Humphrey 
Davy in 1815-16. By a series of experiments. Sir 
Humphrey found that except under pressure flame cannot 
pass through a wii-e gauze of about 800 meshes per square 
inch, so thut a flame may be BaM-j \iMS\& Sa ^sti 'CT^weisi'b 
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fttmoeplei-e if eneloaed in a cylinder of Btich gauze. It 
has, however, been shown that when the esploaivo gns 
moves at a greater rate than 3or4feetperHecond,theflftma 
will BOinetinies pass through the gauze, when such lamps 
become dangerous. Several modem improvements have 
been devised with a view to rendeiing the lamps truly 
safe, even nnder auct conditions as these. The ordinary 
Davy lamp consists simply of a cylinder of wii-e gauze 
fised to a bi'ass ring wlncli screws on to the lamp proper. 
The upper portion is double, for greater safety, and is 
covered by a metal top, A bent wii-e passes up through 
the oil vessel, so that the lamps may bo trimmed from 
without. Sometimes a shade and 
refle<itor is added made of tin or 

Clanny's lamp differs from the 
Davy in being composed of glass 
in its lower part and the upper 
part of gauze. As improved by 
modem makers it is preferable 
to the Davy, because it gives a 
better light. An impi-oved Clanny 
is shown in fig. 139. Di-. Clanny 
seems to have invented liis lamp 
about two months befoi-e Diivy's was 
introduced, hut not before Davy's 
experiments. Stephenson's lamp, 
or the "Geoi-dy," Las both a glass 
and a wire guaze cylinder, and is 
covered with a perforated cap of 
copper. Other lamps have been 
Fig. 13!!.— Glassy's invented or improved by 0. Mues- 

L.uir. sler, Botz, and Eloin. 

It is imperatively necessary that the use of safety- 
lamjo should be accompanied by sti-ingent regulations, 
indeed it is better that tbey should be fiUed and fastened 
AF'/iresponaibIeofficer,wlio should examine their condition 
evoTftime they are given out for uac. 
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1. Describe tha nsnol mailoe of oDCurrenoe of coal senmB in 
[ the Giirth [5], 

[ 2. Give a sketch section of Gome coal-field or coal-basin known 
to you [8]. 

3. WhatUan "underolayl" [12]. 

4. Give the imme and composition of the vai'ioua rocks and 
minerals found in the coal-seama and ironatonea of the co^- 
meaaurea [15]. 

fi, Deaciibe the way in -which atcam power may conveniently 
be apphed to working the apparatus for deep boring, as of 
BTteaian wella [33], 

6. Describe the opparatas commonly nsed for deep boring, 
and t^e conditiona under which they may come into use for 
Miziliaty operations in mines [26, 33]. 

7. Describe the cutting tools employed in rope-boring, and 
compare the results of this metbod with those of boring with 
rods [31, 36]. 

8. Deacrihe t]ie Taiious methods of working the rod or rope 
for deep borings [33, 34, 36, 37]. 

9. Describe generally the chief improvomenta in the aystem 
of boring for eiploration or for artesian weUs [37-39]. 

10. State the depth of the deopcat bore-holes known to yon 
[3B42r 

11. Describe the various kinda of tubing that have been 
applied to arteaian wells, with the modes of jointing and of 
withdrawing the tubes [32], 

12. Describe the mode of boring against old wastes [91]. 

13. State what you know of the cost of deep boringa by various 
•ystema [42]. 

14. Give sketch sections of ordinary faults, "reversed" faults, 
and "trough" faults [46, 46, etc.]. 

15. What do you understand by the terms "nip," "balk," 
"aweliy," and " horae-back T " [.lO, etc.] 

16. What is a d^ke, and what is its general eiTect upon a aeua 
of coal in its vicinity ! [u2, etc.] 

17. Give evidence of atratified minerals being of different 
tbickneas and quality on opposite sides of faults or slip-dykea 
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18. Stale tha geneml pbenoroena of "faults," "throws," anA 
"hitchea," in coal Beams [45. etc.]. 

1 9. Make a liand sketch oa scale of not les3 than one iuch to 
six feet of the plan and section of timbCTiiig for securing the sides 
of a ahoft [S9, etc.]. 

20. Sta^ in detail the methcxl and the average expense oE 
eecuring, with cither brick or timber, GO fathoms depth of a shaft 
of givoa dimensions [57-62]. 

21. Deacribo a shaft tubbing of cast-iron, snd the prooeu of 
fixing it in its place, and opproximata coat [63-65]. 

22. What are tho approximate height and thickness of segmenta 
of cast-iron "tubbing" to be Tixed in a 15 foot pit to witlut^id • 
given height of pressure ! [60-64]. 

23. Describe, with a sketch, the mode of pilo-sinking, "spill- 
ing," throngh running ground [60J. 

24. Describe the process of putting in plank brattice and 
bunton brattice [63], 

25. State the qualities, dimensions, and prices, of the varieties 
of timber most suitable for use in mines [69]. 

26. Give examples of the more dilficult kinds of ground to 
drive or sink through, stating the pricoa of such operations under 
ordimuy circumatances [60-65]. 

27. Describe the preparatoiy operations in the commencement 



aliaft throngh surface quicksand of, say, 60 feet deep [60]. 

29. In the sinking of a shaft below a given level, how should 
the men in the deeper sinking be protected against the fall of 
atones, etc. , from above ! [81 ]. 

30. Show how to coDstruct a "penthouse" for the safety of 
the men occupied in sinking a shaft while work is going on above 
tiiair heads [81]. 

31. How would yoa construct a bratticing in sinking a lieep 
trial piti State what would be the cost of your amuigement 
[68]. ^ 

32. In what way may winch or windlosa handles best be fixed, 
of what length, and nt what height from the ground ! [72]. - 

33. Calculate the amount of water or lock miich may be drawn 
in 8 hours by two men at a taclde or windlass, from 10 fathoms 
deep [70]. 

34. Show tho exact construction of a windlass or "jack-roll," 
H used in a civon district, with dimensions [72]. 

39. Show by a drawing the securest forms of knot and hook 
for attfuhing the weight or kibble in drawing by means of a 
windlass [77]. 

36. Make a drawing, and give tho dimensions of each part of 
* iorae-wliim or gin [74], 
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SJ, Male a colcuIatioD, ehawiiig ths gronnda on which yon 

Jrocesd, of the weight of miner^d which may be dnwa in eight 
oura from 100 yards deep by two horses with a whim or giti [79]. 
33, Give a sketch, Dot less than two inches in height, of Gie 
ordinary timbering of a level, and state reasons for making the 
cap-piece short and ipeliTiing the legs or Btanchions [66]. 

39. State, with the help of figiiroB, tho best form to ba given 
to the arching of levels oc drifta with brick or atoao under variooa 
oiiOaniBtanceH [85-00], 

40. Make sketch drawings showing the beet methods of dtting 
the cap or cross-tree to the wall-platea, legs, or atancbioDB, in 
the timbering of a level or drift [66], 

41. Whatiathe mode andthoospenee per fathom of "arching," 
in brick or atone, a, lovel of seven feet by five feet internal 
measore ! [87]. 

42. State the dimensions of openings and pillars in varioot 
oaaea of post and stall work, with, the reasons for the employ- 
ment of such dimensiona [99]. 

43. Give the dimenaiona and cost of levels and drifts, ai 
intended for various purposes [90]. 

44. Give a description of "long-wall" wcrkings, stating the 
distance apart of the roads, the advantages of the system, and 
under what system it is most applicable [102], 

45. What are the chief modibcationa in the system of working 
stratified minerals by [lost-and-stall or bord-and-pillar! [99, 100]. 

4G. State facta showing how the inclination or "pitching" of A 
Beam of coal may affect the safety of its working [1H1-1S6]. 

47. State the relative advantages and the weight and dimen- 
sions of the different kinda of tnining pick with which you may 
be acquainted [163]. 

4S. State the weight and strength of the different kinds of 
ropes, of hemp or wire, which are commonly employed in mliuni' 
(121]. 

49. What arc the essential points in the constmction of the 
Davy, Stephenson, and Clanny lamps, and with what velocity 
of tho air do they become insecure T [195]. 

60. lUustrato with a sectional drawing and dimensions a de- 
scription of a dam to keep back at least 30 fathoma of water [9^. 

61. Compara the economy of the tranuning or conveying of 
mineral a distance of 100 fathoms, (1) in barrows, (2) in tram- 
waggons or tubs on rails [109]. 

52. State the particulars, with form and weight of waggon, 
of the moat economical system of underground conveyance of 
mineral [108]. 

53. Givi • 

54. What is the coustruc'tion of the [^water-balance 
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niniliiUE mtUrtal, utd nadcr what circnmstaucca is it Burnt 

to, i^Uto •xactljr the iaclinatiua or grndicot (assigning reaBons 
Iwt il) wtiiuh bIiouIJ be girea to the main Iijvela of coUieriea 
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_ i. St»ti) the portii-ulars ol th« best dasi of engines for windins 
or hoUtiug luiueiab ia shafts [I2S]. 

ST. l>Mcrib« the most ailTuiti^ns modei of atilising water 
powoi for mine moahinnry [112, 113, 143]. 

BS. Stkte tllu jiortiuulara of viuioas kmdji of rnpe and chain 
MBpleyxi tu luiaw, mi their aii^uability nniZet different drcimi- 
■limvMll^l]. 

U), Vtatu the furm. weight, Mid best mode of laying nnder- 
gXHuid t*ib ItOT). 

M KuuBtvrate the precantioea to be taken against accidenta 
bllMLwiu^oT WLadiugsbafb [U9, 134]. 

111. State the caiu^JoratiYo advantages of winding or hoisting 
Htiuentl* La kibbk« oi bucketa, tuid in guided sBps or ciwea 
[7*. lUl. 

thf. Nlake working dmrrngs of the but kind of waggon or tab, 
witti'h you uiny kusw. for uudergrouiid banla^ of mmfflal [106]. 

413. Ch^w th« butuoatal sevtion and eleratioo, with measois- 
uwuta attM'huil, of a ahafC iatuodad fur pomping and hautiiig^ 
witb its liiuUiriui; or liniiiv, and brattices or divisions [59, 119^ 

tt4 LWevttbo iu detail Uio opciatioc of boring hole* foi sbota 

[lost 

(KV What il l!io firm iind weight of tke booU employed for 
Uit.-t< > I'-'-: matuinls of each, suited to greateat 

tOui <^ operatoni! [165-187]. 



lok^k. > . . :a poaaible 
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use of weilginB in fare^ung coal and 
-*■' ■- lubstltute it for blasting 



tawMll 



k'h nt diSvreDt xasooa of tke 
-'..-L-iu workings [ISIJ. 
--■'. ibs practical method of 



I V i>i air-currents itt the ■auun. wo^inza 
.i.,iu«?[!SSJ. ^^ 

..LUabuturv tuoJe of ooBstrmiling "stop- 
;,,.,■ Uiu lUfways gf a oolBery [IS6^ ISJ], 
L^i.t^'MtctklUi without iutroduuiuguachiiicr]', 
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totoiUng ft vcntilaUng cairent, to improve tbo air in a parfcicnlor 
dietriot in a fflino I 1^130-182]. 

74. State itt detaU the results that ore proclucod in the air, in 
varioua classes of mines, by great depth [181-181]. 

75. Why is it not a proof of good ventilation in a mine to have 
B very rapid enrrent of air in a small place ! [188]. 

76. State the objections to the plan which has heen sometimea 
anggested of ventilating the goafs of colKeries by boreholes from 
the surface [ISSJ 

77. Describe the conBtmction of a good ventilating furnace for 
a moderately extensive colliery, and the reaaona for various 
modes of supplying it with air [1S2]. 

78. What are the best varieties of safety lamp, and what pre- 
cautions should be obaerved in their use T [19-5]. 

70. Make sketch- drawings, and c^iptain t^c action of the 
Trater-blast commonly used in small mines [180]. 

80. What are the circumstances under which gnnpowder for 
blasting may bo put in loosa or should be in cartridges ? Compare 
the two methods [173]. 

81. Describe the advantages of the use of safety faae [172, 173]. 

82. What are the varions hinds of explosives in use for mines, 
ond their comparative advantages ! [173]. 

83. Ennmerate mlea for the safe employment in mines, of 
dynamite and gnn-eotton [173]. 

84. Under what circnmatauces docs it become desirable to 
use the battery or electromagnet maebine for firing charges I 
[1741. 

85. Draw a figure of, and Btate the materials of the difTereub 
parts of the "drawing lift" or "bucket set" of a mine piunp, 
and explain why it is desirable always to have such a lift in the 
bottom of a shJt [131-134]. 

8G- Show by a sketch section the construction of a plunger* 
lift, with its cistern, stuffing-box, and connections [135, 13C]. 

87. Describe the most approved method of placing the varions 
Bet of pumps in a shaft of 300 fathoms in depth, for raising a 
modei'ate stream of water [131-135]. 

88- State tlie meaning of the term "duty" applied to ; 
engines, and the comparative duty (with reasons for it) 
Ijf the best Cornish engines [IGO]. 
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AlB-CBOSSINGS, 137, 
,, pompey 135. 
,, reguJUitoTs, 133. 
„ Bollan, 130. 
,, Tolome of, 138, 
Alabaster, 23. 
Anemometer, 138. 
Angles of dip, 26. 
Anthracite, 22. 
ApparatTU for boring, 29. 
Beart's, 40. 
Beaumont's, 41. 
Chinese, 39. 
Kind's, 38. 
„ Mather & Piatt's, 39. 
ArdiiDg, cost of, 76. 
, mode of, 76. 

Balakoe-bob, 109. 
Balks, 49. 
Barometer, 139. 
Basalt, 23. 
Bass or Batt, 22. 
Binds, 23. 

Blasting, accidents, 128. 
Boilers, 119, 

„ dothing of, 120. 
Borers, 125. 

Boreholes, plogs for, 79. 
Boring, apparatus, 29. 

„ cost of, 42. 

„ deep, 34. 

„ machines, 120. 

„ trial, 27. 
Bracehead, 30. 
Brake-stAff, 30, 33. 
Brasses, 24. 
Bratticing, 65. 
Bristol coal-fields, 16. 
British coal-fields, 18. 
Brown coal, 22. 

,, hematite, 23. 
Bu(^et prong, 103. 
Bontons, 93. 

Cages, 93. 
Caking coal, 22. 
Calamites, 16. 
Candles, 140. 
Caanel coal, 22, 



Caphead, 131. 
Capstan, 110. 
Carboniferous system, 23. 
Cessingen, boring at, 3S. 
Chains, 96. 
Charging holes, 127. 
Chert, 23. 
Clacks, 103. 

„ Teagtie's, 105. 
Clanny's Is^p, 142. 
Clay, 23. 

,, Ironstone, 23. 
Clinometer, 27. 
Coal, production, 9. 
„ basins, 17. 
„ fossils, 14, 24. 
„ gas, 140. 
„ holing, 87. 
„ mode of occurrence, 11. 
„ varieties, 22. 
„ weight of, 9. 
„ winning, 82. 
Coal-fields, British, 18. 
„ Bristol, 16. 
„ Dudley, 17. 
„ Newcastle, 20. 
Coal seams, composition of, 21. 
„ irregularities of, 49. 
„ recurrence of, 19. 
Collieries, Butterknowle, 45. 
„ Cornforth, 29. 
„ Norwood, 20. 
. „ Number of, 10. 
Compact limestone, 23. 
Corves, landing of, 72. 
„ sinking, 70. 
„ suspension of, 71. 
Cowl, 131. 
Crab, 110. 

Creuzot, borings at, 39. 
Cribs, 66. 

„ wedging, 61. 
„ riDg, 106. 

Dams, masonry, 81. 

„ firame, 79. 

„ fixing, 80. 
Davy's lamp, 141, 
Deep borings, 84. 
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